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(54) Title: AMIDINE DERIVATIVES AS GASTRIC ACID SECRETION INHIBITORS 
(57) Abstract 

Substituted anndine derivatives of structure (1) or a salt thereof in which: R is a group 
of formula 0) in which R 1 is an optionally substituted phenyl ring or an optionally substituted 
5- or 6-membered heterocyclic ring containing one or two heteroatoms selected from oxygen, 
nitrogen or sulphur; R 2 fa hydrogen or Ci-s aficyl; R 3 is hydrogen, halogen, Cj* alkyl or Ci-6 
aikoxy; or R is a group of formula (ii> in which R 1 , R 2 and R 3 are as denned in formula CO 
and X 1 , X 2 and X 3 are all CH groups or one of X 1 , X 2 and X 3 is nitrogen and the others are 
CH groups; processes for their preparation, pharmaceutical compositions containing them, and 
their use in therapy, in particular as gastric add secretion inhibitors, are described. 
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AMIDINE DERIVATIVES AS GASTRIC ACID SECRETION INHIBITORS 

The present invention relates to novel substituted amidine derivatives, processes 
for their preparation, pharmaceutical compositions containing them, and their use in 
5 therapy, in particular as gastric acid secretion inhibitors. 

The present invention therefore provides a compound of structure (I) or a salt 

thereof: 



25 



NR 

(0 



I 4 



10 R 
in which: 

R is a group of formula (i): 



1 



15 « 
in which: 

R 1 is an optionally substituted phenyl ring or an optionally substituted 5- or 6-membered 
heterocyclic ring containing one or two heteroatoms selected from oxygen, nitrogen or 
sulphur; 

20 R 2 is hydrogen or Cy^alkyh 

r3 is hydrogen, halogen, Ci^alkyl or Ci^alkoxy; 
or R is a group of formula (ii) : 

1 2 
Il2 J 00 

R 

in which R 1 , R 2 and R 3 are as defined in formula (t) above and 
X 1 , X 2 and X 3 are all CM groups or one of X 1 , X 2 or X 3 is nitrogen and the others are 

CH groups; 
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R 4 is hydrogen or Cj^alkyl; 

R5 is hydrogen, C^ealkyl, hydroxyCi.6alkyU hydroxy or phenyl; 
X 4 is CH2 or NR 6 where R 6 is hydrogen or C^galkyl; 
X 5 is a single bond, CH2 OT N** 7 where r7 is hydrogen or Ci-6alkyl; 
5 R 8 is Ci_6alkyl» C^gcycloalkyl, Ci.6alkylC3^cycloalkyl f 

r 2 gal Vary r ^ gal iryl , optionally substituted phenyl, or an optionally substituted 5- or 
6-membered heterocyclic ring containing one or more heteroatoms selected from oxygen, 
nitrogen or sulphur. 

Suitably R is a group of formula (i) or (ii). When R is a group of formula (ii), 
10 X 1 , X 2 and X 3 are suitably all CH groups forming a pyridine ring or one of X 1 , X 2 or X 3 
is nitrogen thus forming, for example when X* is nitrogen, a pyrimidine ring or, when X 2 
is nitrogen, a pyrazine ring* Preferably, X*, X 2 and X 3 arc all CH groups. 

Suitably, R* is an optionally substituted phenyl ring or an optionally substituted 
5- or 6-membered heterocyclic ring containing one or two heteroatoms selected from 
1 5 oxygen, nitrogen or sulphur, for example a thienyl ring. 

Suitable substituents for the phenyl and heterocyclic rings R 1 include, for 
example, C^galkyl, Ci-galkoxy, Ci^jalkylthio, halogen, cyano, amino, nitro, hydroxy, 
carbamoyl, carboxy, Cj^alkanoyl, trifluoromethyl and Ci.(jalkylenedioxy substituents 
such as methylenedioxy (-OCH2O). The rings may be substituted by a angle 
2 0 substituent, or up to five substituents as may be synthetically accessible (for example, 
2,3,4,5,6-penta-fluorophenyl). 

Preferably, the group R 1 is thienyl, unsubstituted phenyl, or phenyl substituted' 
by 1 or more substituents selected from Ci^alkyl, C^galkoxy. Ci^alkyithio, halogen, 
cyano, amino, hydroxy, carbamoyl, carboxy, Cj.galkanoyl, trifluoromethyl or by a single 

2 5 subsdtuent in association with a C\ ^alkylenedioxy. More preferably, R 1 is thienyl, 

unsubstituted phenyl, or phenyl substituted by one or two substituents selected from 
Cj^galkyl, Ci_6alkoxy, halogen, amino and nitro. Most preferably R 1 is thienyl, 
unsubstituted phenyl or a phenyl group substituted by a single Cj^alkyl, Ci^alkoxy, 
halogen, amino or nitro group (in particular in the 2- or 4- positions of the ring). 
30 Suitably R 2 is hydrogen or Cj^alkyl; preferably R is hydrogen. 

Suitably, R 3 is hydrogen, halogen, Ci_$alkyl or Ci^alkoxy; preferably R 3 is 
hydrogen or Cj^alkoxy. 

Suitably, R 4 is hydrogen or C^galkyl; preferably R is hydrogen. 

Suitably, R 5 is hydrogen. Chalky!, hydroxyCi.6alkyU hydroxy or phenyl; 

3 5 preferably R^ is hydrogen. 

Suitably, X 4 is CH2 or NR 6 where R 6 is hydrogen or Ci^alkyl. Preferably X 4 

is NIL 
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Suitably X 5 is a single bond, CH2 or NR 7 where R 7 is hydrogen or C^galkyU 
preferably X 5 is a single bond or a CH2 group. 

Suitably, R 6 is hydrogen or Cj^alkyl; preferably R 6 is hydrogen. 

Suitably, R 8 is Ci^alkyl, C 3 .6cycloalkyl, C 1 _6alky l-C^cycloalky 1, 
5 C 1 ^5alkoxyC \ .^alkyl, optionally substituted phenyl or an optionally substituted 5- or 
6-membered heterocyclic ring containing one or more heteroatoms selected from oxygen, 
nitrogen or sulphur. Examples of such heterocyclic rings include pyrimidine, pyrazine, 
and thiazide rings. 

When R 8 is a phenyl ring suitable substituents include, for example, C^galkyl, 
1 0 Ci_$alkoxy, C^^alkylthio, C^^alkylsulphonyl, halogen, cyano, amino, hydroxy, 

carbamoyl, carboxy, Cj^alkanoyl, trifluoromethyl and C 1 ^alkylenedioxy substituents 
such as methylenedioxy (-OCH2O-). The phenyl rings may be substituted by up to five 
substituents as may be synthetically accessible. 

Preferably, R 8 is unsubstituted phenyl or phenyl substituted by a single 
1 5 substituent selected from C^galkyl, Ci^alkoxy, Ci^alkylthio, C 1 .galky lsulphonyl, 
cyano or halogen. 

Particularly preferred compounds of the invention include: 

N-(6-bcnzyl-2-pyridyl)phcnylacetamiriinc, 
N"[6-(2-rocthylbenzyl)pyrid-2-yl]phenylacetarnidine, 
20 N-(2-benzyl^pyiimidinyl)-N , -phenylguaiudine, 
N-[4-(N-nHtthylphenylamino)-2-pyrim^ 
N-[4-(N-mcthylphenylamino)-2-pyi^ 
N-[2KN-methylphenylamino)^pyrixnidyl]-N , K4^ 
N-(4-ben^l-2-pyrimidinyl>N'-(4^hlorophenyl)guanidi^ 

2 5 N-(4-benzyl-2-pyrimidinyl)-N , -phenylguanidine, 

N-(6-benzylpyrazin-2-yl)-N f -ph«iylguanidine, 
N-[6^-methylphenylmethyl)]pyrid-2-yl^^ 
N-[6-(2-methylphenylmethyl)pyrid-2-yl]->r-phenylguanidine, 
N-(6-benzylpyrid-2-yl)-N , -phenylguanidine, 

3 0 N-(6-benzylpyrid-2-yl)-N , -(4^Won>phenyl)guaiiidine, 

N-[6^4-rMthylbenzyl)pyrid-2-yl]-N , -phenylguanidine, 
N-[6-(4-methoxybenzyl)pyrid-2-yl]-N , -phenylguanidine, 
N-(6-ben2ylpyrid-2-yl)-N , -(2-methylphenyl)guanidine, 
N-(6-benzylpyrid-2-yl>hT-(2^hlorophrayl)giianidine. 
35 N-(6-ben^lpyrid-2-yl)-N T K3-inethoxyphenyl)guanidii^ 
N-[6-(3-methoxyben2yl)pyrid-2-yl]-hr-phenylguanidine, 
N-(6-benzylpyrid-2-yl>N'-(3K:Won5phenyl)guanidine, 
N-(6-benzylpyrid-2^1)-NX^rnethox^ 

-3- 
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N-(2-benzyi-3-mcthoxypyrid^yl>^-phmylguanidinc, 

N.[6^4-fluorobcn2yl)p>Tid-2-yI]-N , -phcnylguam 

N-[6-(4-nitrobcnzyl)pyrid-2-yl]-N , -phcnylguanidinc, 

N-[6-(4-aminophenylmet^^ 
5 N-(6-bcnzylpyrid-2-yl)-^-(4^yanophcnyl)guanidii^ 

N-[6-(bcnzylpyrid-2-yl)]-N , -(4-mcthylthiophcnyl)guanidinc f 
N-t6-(bcn2ylpyrid-2-yl)]-l^^nicthylsulphonylph 
N-[6-(4.mcthoxybcnzyl)-5-mcthoxypyrid-2-yl]^^^ 
N-[6»(4-mcthoxybcnzyl)pyrid-2-yl]-N , -mcthylguanidi^ 

1 0 N-[6-(bcn2ylpyrid-2-yl)]-hT-(2-pyrimidyl)guanidinc, 
N-(6-bcnzylpyrid-2-yl)-N , -bcn2ylguanidinc t 
N-[6Kbcn2ylpyrid-2-yl)]-^-(2-thia2olyl)guanidinc, 
N-[6^b«i2ylpyrid-2-yl)]-^-(2-pyrazinyl)guanidinc, 
N-(6-bcnzylpyrid-2-yl>-hr-(5-pyrimidyl)guanidinc t 

1 5 N-(6-bcnzylpyrid-2-yl>hT-(3-mcthoxypiopyl)guanidinc f 
N-(6-benzylpyrid-2-yl)-N , ^clohcxylguanidiiic f 
N-(6-benzylpyrid-2-yl)-hr-(2-ra^ 
N-[(6-bcn2yl)pyrid-2-yl]-N*-butylguanidine t 
N-(6-benzylpyrid-2-yl)->r-mcthyl-N , -phcnylguanidinc, 

2 0 N-(6-bcnzylpyrid-2-yl)-N , -tDCthyl-N ,, -phcny Iguamdine, 
N-(6-bena^lpyrid-2-yl)-N\N^ 
N-[6<3-iiiethoxybcnzyl)p^^ 
N-[6-(4-methoxybenzyl)py^ 

N^^O-mcthoxybcn^l^yrid^-yll-hTJ^^phCTylguanidinc, 

2 5 N-[2-(4-methoxy)beai^ 

N-(3-bcnzylpyrid-2-yl)-N , -bcnzylguanidinc, 
N-[3-bcnzylpyrid-2-yl]-hT-(phenyla^ 
N-[3-(2"mcthylbcnzyl)pyrid-2-yl]-N , -bcnzylguanidinc, 
N- [3- { 4-methoxybenzyl } pyrid-2-y O-K-benzy Iguanidine, 

3 0 N-[3-(4-nKthylbenzyi)pyrid-2-yl> 

N-[3K4-methoxybenzyl)pyrid-2-yl]-^ . 
N-[3-(tMcn-2-ylmcthyl)pyrid-2-yl)-N , -bcn2yl^^ 
N-[3-(4-methoxybenzyl)pyri^^ 
N-(MH4-methoxyphenyl)ethy^^ 
35 N-[3-bcnzylpyrid-2-yl>l^^KMorob«i2yl)guanidinc t 
N-(3-bcnzylpyrid-2-yl)-hr-(4^Worobcnzyl)guanidinc, 
N-(3-ben2ylpyrid-2-yl>-^^ 

N-[3-bcn2y^yrid-2-ylJ-^-{4-mctfaoxybcnzyl)guanidinc t 
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N-(3-bcnzylpyric^2-yl>N , -bcnzyl-hr-h 
N-[3-bcnzy^yrid-2-yl]-N , -bcnzyl-N n -mcthox^ 
N-(3-benzylpyrid-2*yl>-N , -phaiylguanidinc, 
N-[3-(thicn-2-ylincthyl)pyrid-2-yl]-N , -phcnylgiianidin^ 
5 N-[3-(4-hydroxybcnzyl)pyrid-2-yl]-N , -phcnylguanidinc, 

N-[3-(4-methoxybenzyl)pyrid-^^^ 
N-(3-benzylpyrid-2-yl>^-(4^ 

N-M4-hydroxyphcnylctb-2-yl)pyTid-2-yl-N , -phcnylguani^ 
N-[3-(4-methoxyphenylethen-2-yl)pyrid-2^ and 
1 0 N-[3-benzylpyrid-2-yl]-N , -phenyU 

and phannaccutically acceptable salts thereof. 

Preferred salts of the compounds of formula (I) arc phannaccutically acceptable 
salts including acid addition salts such as hydrochlorides, hydrobromides, phosphates, 
acetates, fumarates, maleates, tartrates, citrates, oxalates, methanesulphonates and p- 

15 toluenesulphonates. 

Certain compounds of formula (I) are capable of existing in stereoisomeric 
forms. It will be understood that the invention encompasses all geometric and optical 
isomers of the compounds of formula (I) and the mixtures thereof including racemates. 
Compounds of formula (I) exist in tautomeric forms, and such tautomers also form an 

20 aspect of the invention. 

The compounds of the present invention can be prepared by processes analogous 
to those known to those skilled in the art. In a further aspect, there is therefore provided 
process for preparing compounds of structure (I) and salts thereof, which comprises 
(A) for compounds in which R 5 is hydrogen; X 4 is CH 2 and X 5 is a single \ 
25 or CH2t reaction of a compound of structure (II): 

Rv^H (10 

14 

R 



•:•)■(• 



30 



in which R and R 4 are as described far structure (I) with a compound of structure (HI): 



NHHO 



6,R 



(Ml) 



in which X 5 is a single bond or CH 2 and R 8 are as described for structure (I) and Y is a 
leaving group; 



35 
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10 



(B) for compounds in which X 4 is NR*> and is a bond or NR 7 , reaction of 
(1) a compound of structure (TV) 



i 
Y 



16 

R 



in which R, R 6 , R 8 are as described for structure (I), X 5 is a bond or NR 7 , and Y 1 is a 
leaving group with an amine of structure H2NR5 in which R^ is as described for structure 

0);<*r 

(2) reaction of a compound of structure (II) with a compound of structure (V) 



5 

NR 



2. 

R 



in which Y 2 is a leaving group and R 5 , R 6 and R 8 areas described for structure (I) and 
X 5 is a bond or NR 7 ; or 
15 (3) reaction of a compound of structure (VI): 



(VI) 



14 

R 



in which R, R 4 and R 5 are as described for structure (I) and Y 2 is a leaving group, with a 
2 0 compound of structure (VII): 

HNR6x 5 R 8 (VII) 

in which R 6 and R 8 are as described for structure (I) and X 5 is a bond or NR 7 1 
2 5 and optionally thereafter, forming a salt 

Suitable leaving groups Y include for example halide, or R^O, in which R? is 
Ci-4alkyL Preferably Y is R^O. 

Suitable leaving groups Y* include for example SH activated by mercury as 
described in the specific examples herein. 



-6- 
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10 



15 



20 



25 



30 



35 



Suitable leaving groups Y 2 include for example OR 1( >, SR 10 , halogen or 
sulphonic acid, in which R 10 is C^alkyl or optionally substituted aryl groups; preferred 
groups Y 2 include SR 10 groups, in particular SCH3. 

The reaction between compounds of structure (II) and compounds of structure 
(HI) can be carried out in a suitable solvent at a temperature of between 0°C and the reflux 
temperature erf the solvent used, for as long as it takes for complete reaction to occur. 
Suitable solvents include, for example, Ci^alkanols such as ethanol or methanol. 
Preferably, the reaction can be carried out in ethanol as a solvent, at ambient temperature. 

The reaction between compounds of structure (IV) with an amine H2NR 5 can be 
carried out in the presence of a suitable solvent such as a Cj^alkanoL in particular 
methanol, at ambient temperature or elevated temperature, until reaction is complete. 

The reaction between compounds of structure (II) and (V) can be carried out in 
the presence of a suitable solvent sue* as a C^alkanol such as methanol or ethanol. 

The reaction between a compound of structure (VI) and an amine of structure 
(VII) can be carried out in the presence of a suitable solvent such as a Ci^alkanol such as 

methanol or ethanol. 

The intermediate compounds of structures (II), (HQ and (IV) can be prepared 
from commercially available starting materials, using standard techniques practised in the 
art of organic chemistry. For example, compounds of structure (II) can be prepared by 
reaction of the appropriate halo derivative with an amine R 4 NH2* in which R 4 is as 
described for structure (I), in a suitable solvent. Compounds of structure (HI), for 
example, in which R 9 is ethyl, can be prepared by reaction of the appropriate cyano 
derivative RSCHjCNon which R 8 is as described for structure (D» with dry hydrogen 
chloride gas in ethanol as a reaction solvent 

Compounds of structure (IV), for example, in which R 6 is hydrogen, can be 
prepared by reaction of an appropriate amino derivative with an isothiocyanate R 8 NCS in 
which R 8 is as described for structure (I) in a suitable solvent. 

The compounds of structure (I) and their pharmaceutical^ acceptable salts 
an anti-secretory effect by inhibition of the gastrointestinal H + K + ATPase enzyme 
(Fdlenius, E-, Berglindh, T. f Sachs, G., Olke, L., Elander, B., Sjostrand, S.E., and 
Wallmark, B., 1981, Nature, 220, 159-61). 



1111 t nri 



&of 



In a further aspect therefore the present invention provides 
structure (I) and pharmaceutical^ acceptable salts thereof for use in therapy. The 
compounds of structure (I) and their pharmaceutical^ acceptable salts inhibit exogenously 
and endogenously stimulated gastric acid secretion and are useful in the treatment of 

diseases in mammals, in particular humans. 
Such diseases include, for example, gastric and duodenal ulcers, aspiration 
I Zollinger-EUison Syndrome. 
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Further, the compounds of structure (I) can be used in the treatment of other 
disorders where an anti-secretory effect is desirable for example in patients with gastritis. 
NS AID induced gastritis, acute upper intestinal bleeding, in patients with a history of 
chronic and excessive alcohol consumption, and in patients with gastro oesophageal reflux 

5 disease (GERD). 

In therapeutic use, the compounds of the present invention are usually 
administered in a standard pharmaceutical composition. The present invention therefore 
provides in a further aspect pharmaceutical compositions comprising a compound of 
structure (I) or a pharmaceutically acceptable salt thereof and a pharmaceutically 

1 o acceptable carrier. 

The compounds of structure (D and their pharmaceutically acceptable salts which 
are active when given orally can be formulated as liquids, for example syrups, suspensions 
or emulsions, tablets, capsules and lozenges. 

A liquid formulation will generally consist of a suspension or solution of the 
1 5 compound or pharmaceutically acceptable salt in a suitable liquid carriers) for example, 
ethanol, glycerine, non-aqueous solvent, for example polyethylene glycol, oils, or water 
with a suspending agent, preservative, flavouring or colouring agent. 

A composition in the form of a tablet can be prepared using any suitable 
pharmaceutical carriers) routinely used for preparing solid formulations. Examples of 

2 0 such carriers include magnesium stearate, starch, lactose, sucrose and cellulose. 

A composition in the form of a capsule can be prepared using routine 
encapsulation procedures. For example, pellets containing the active ingredient can be 
prepared using standard carriers and then filled into a hard gelatin capsule; alternatively, a 
dispersion or suspension can be prepared using any suitable pharmaceutical carriei(s), for 
2 5 example aqueous gums, celluloses, silicates or oils and the dispersion or suspension then 

filled into a soft gelatin capsule. 

Typical parenteral compositions consist of a solution or suspension of the 
compound or pharmaceutically acceptable salt in a sterile aqueous carrier or parenterally 
acceptable oil, for example polyethylene glycol, polyvinyl pyrrolidone, lecithin, aracbis oil 
30 or sesame oil. Alternatively, the solution can be lyophilised and then reconstituted with a 
suitable solvent just prior to administratii 

A typical suppository formulation comprises a compound or tormma w or a 
pharmaceutically acceptable salt thereof which is active when administered in this way, 
with a binding and/or lubricating agent such as polymeric glycols, gelatins or cocoa 
35 or other low melting vegetable or synthetic waxes or fats. 

Preferably the composition is in unit dose form such as a tablet or capsule. 

Each dosage unit for oral administration contains suitably from 1 to 1000 mg, 
preferably from 1 to 500 mg (and for parenteral admmistration contains preferably from 



t, !♦•<-« 
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ila (I) or a phannaccutically acceptable salt 



0.1 to 25 mg) of a compound of the ft 
thereof calculated as the free base. 

The present invention also provides a method of inhibiting gastric acid secretion 
which comprises administering to a mammal in need thereof an effective amount of a 
5 compound of the formula (I) or a phannaccutically acceptable salt thereof; and a method 
of treatment of diseases of the stomach or intestine based on increased acid secretion 
which comprises administering to a mammal in need thereof an effective amount of a 
compound of the formula (I) or a phannaccutically acceptable salt thereof. 

The present invention also provides the use of a compound of formula (I) or a 
1 o phannaccutically acceptable salt thereof in the manufacture of a medicament for the 
treatment of gastrointestinal disorders, in particular the treatment of diseases of the 
stomach or intestine caused by increased acid secretii 

Compounds of the invention will normally be administered to a subject for the 
treatment of gastrointestinal diseases and other conditions caused or exacerbated by gastric 
15 acidity. The daily dosage regimen for an adult patient may be, for example, an oral dose 
of between 1 mg and 1000 mg, preferably between 1 mg and 500 mg, or an intravenous, 
subcutaneous, or intramuscular dose of between 0.1 mg and 100 mg, preferably between 
0.1 mg and 25 mg, of the compound of the formula (I) or a pharmaceutical^ acceptable 
salt thereof calculated as the firee base, the compound being administered 1 to 4 times per 
20 day. Suitably the compounds will be administered for a period of continuous therapy, for 

example for a week or more. 

In addition, the compounds of the present invention can be co- administered with 
further active ingredients, such as antacids (for example magnesium carbonate or 
hydroxide and aluminium hydroxide), non-steroidal anti-flammatary drugs (for example 
25 indomethacin, aspirin or naproxen), steroids, or nitrite scavengers (for example ascorbic 
acid or aminosulphonic acid), or other drugs used for treating gastric ulcers (for example 
histamine ^-antagonists such as cimetidine) or agents having activity against 
Helicobacter pylori organisms, for example antibiotics such as amoxicillin. 

Hie following examples illustrate the invention. Temperatures are recorded in 
3 0 degrees centigrade. 
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Example 1 

N-(6-Benzyl-2-pyridyl)phenylacetamidjne maleate 

5 (a) 2-Bromo-6-benzylpyridine 

Powdered zinc (24.51 g, 0.375 mol) and chlorotrimcthylsilanc (3.25 g, 0.03 mol) in dry 
tctrahydrofuran (500 mi) were stirred under nitrogen for 15 min. Benzyl bromide 
(51.31 g t 03 mol was then added drop wise, keeping the temperature below 35° (cold 
water bath). After a further 1 hr, the excess zinc was allowed to settle, and the solution 

1 0 decanted onto a solution of 2,6-dibromopyridine (59.23 g, 0.25 mol) in dry 

tetrahydrofuran (200 ml), washing the solid with tctrahydrofuran (100 ml). Tctrakis- 
(triphenylphosphine)palladium(O) (2.89 g, 0.0025 mol) was then added, and the mixture 
stirred at room temperature under nitrogen for 16 hr. Saturated aqueous ammonium 
chloride (500 ml) was then added, and the mixture extracted three times with ether. The 

15 combined extracts were dried (MgS04) and evaporated to an oily solid, which was 

purified by flash chromatography (dichloromethane/pet ether) to give the title compound 
as a clear oil. Yield 39.37 g (63%). 

A mixture of 2-bromo-6-benzylpyridine (12.0 g, 0.048 mol), ethanol (50 ml) and 
2 0 hydrazine hydrate (50 ml) was heated at 160 °C in a pressure vessel for US hours. The 
solvent was removed in vacuo and to the residue was added aqueous sodium hydroxide 
solution. The resulting solid was filtered off and washed with water. Yield 8.47 g (88%), 
m.p. 80-82 °C 

(c) 2-Amino-6-benzylpyridine 

25 Method J. A mixture of 2-bromo-6-benzylpyridine (8.54 g, 0.002 mol) and 25% 

ammonium hydroxide solution (50 ml) was heated at 190 °C in a pressure vessel far 16 
hours. The mixture was basified to pH 14 with concentrated aqueous sodium hydroxide 
solution and extracted twice with diethyl ether. The organic extracts were combined, dried 
and the solvent removed in vacuo, and the residue was purified by flash chromatography 

30 (5% methanol in dichloromcthane) to give the product as a brown oil Yield 1.45 g 
(23%)* 

Method 2. A mixture of 2-bydrazmo-6-benzylpyridine (8.47g, 0.043 mol), Raney nickel 
( 1 spoonful) and ethanol (120 ml) was hydrogenated at 50 psi and 50 °C for 3 hours, then 
the catalyst was removed by filtration. Evaporation of the solvent and trituration with 
35 petroleum ether gave a white crystalline product. Yield 5.94 g (96%), m.p. 54-56 °C 

(d) N-(6-Benzyl-2-pyridyl)phenylacetamidine maleate 

A solution of 2-amino-6-benzylpyridine (1.43 g, 0.0078 mol) and ethyl phcnylacetimidate 
hydrochloride (233 g, 0.01 16 mol) in ethanol (50 ml) was left to stand for 4 days at room 

-10- 
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temperamre. The solvent was evaporated and the residue purified by flash 
chromatography (2-6% methanol in dichloromethane) to give an oiL This was treated 
with water, made strongly basic with concentrated aqueous sodium hydroxide, and 
extracted three times with dichloromethane. The combined extracts were dried (K2CO3) 
5 and evaporated to an oil (0.85 g) which was dissolved in a solution of maleic acid (0.33 g) 
in cthanol and treated with ether to give a white crystalline solid. Recrystallisation from 
acctonitrile afforded the product as the monomaleate salt Yield 0.53 g (16%), 
m.p. 138-140°C 
C20H19N3 .C4H4O4 
1 0 Found C 68.94, H5J1.N 10.03 Expected C 69.05, H 5.55, N 10.07 



Example 2 

N-[6-(2-Methylbenzyl)pyrid-2-yI]phenylacetamidine maleate 

15 (a) 2-Bromo-6-(2-methylbenzyl)pyridine hydrobromide 

Powdered rinc (7.36 g, 0.1 13 mol) and chlorotrimethylsilane (0.92 g, 0.00844 mol> in dry 
tetrahydrofuran (160 ml) were stirred under nitrogen for 45 min. a-Bromo-o-xylene 
(1 131 ml, 0.0844 mol) was then added dropwise, keeping the temperature below 35 °C 
(cold water bath). After a further 1 hr, the excess zinc was allowed to settle, and die 

2 0 solution decanted onto 2,6^1ibromopyridine (20 g, 0.0844 mol), washing the solid with 

dry tetrahydrofuran. Tetralds(triphenylphosphine)palladium(0) (0.98 g, 0.00084 mol) was 
then added, and the mixture heated under nitrogen with stirring at 55 °C for 20 hours. 
Saturated aqueous ammonium chloride (200 ml) was then added, and the mixture 
extracted three times with ether. The combined extracts were dried (K2CO3) and 

25 evaporated to an oily solid, which was dissolved in a solution of 45% w/v HBr in acetic 
acid (30 ml). Treatment with ether afforded a crystalline solid which was filtered off and 
recrystallised from chloroform/ether. Yield 14.44 g (50%), m.p. 184-186 °C 

(b) 2-Amino-6-<2-methylbenzyl)pyridine 

2.Brom^6-(2-methylbcnzyl)pyridine hydrobromide (7-0 g, 0.0204 mol) and 25% aqeous 
30 ammonia (50 ml) were heated with stirring at 200 °C in a pressure vessel far 20 hr. The 
mixture was then made strongly basic with concentrated aqueous sodium hydroxide and 
extracted twice with chloroform. The combined extracts were dried (K2CO3) and 
evaporated to an oil which was purified by flash chromatography 

(methanoVdichloromethane). Hie product crystallised under pet. ether (b.p. 60-80). Yield 

35 1.8 g (45%), m.p. 54-57 °G 

(c) N-[6-(2-Methylbenzyl)pyrid-2-yIJphenylacetamidine maleate 
2-Amino-6-(2-methylben2yl)pyridiM (1.12 g, 0.0057 mol) and ethyl phenylacetimidate 
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hydrochloride (1.70 g , 0.0085 mol) were stirred in ethanol (50 ml) for 4 days. Hie 
solvent was evaporated, and the residue purified by flash chromatography (2-4% methanol 
in dichloromethane). The resulting product was treated with water and basified with 
sodium hydroxide solution (cone) to pH 14, then extracted with dichloromethane twice 
5 and the combined extracts dried (K2CO3) and evaporated to an oil (0.5 g). Treatment 
with maleic acid in a small amount of ethanol, followed by addition of ether afforded the 
product as the monomaleate salt Yield 035 g, m.p. 149 °C 
C21H21N3 .C4H4O4 

Found C 69.85, H 5.95, N 9.98 Expected C 69.59, H 5.84, N 9.74 

10 

Example 3 

N-(2-BenzyK4-pyrimidinyl)-N t -phenylguanidine 

(a) 2-B enzy 1-4-pyrimidonc 

15 A solution of ethyl sodioformyl acetate (23.56 g, 0.17 mol) in water was added to a 
solution of phenylacetaxnidine hydrochloride (10.24 g, 0.06 mol) in aqueous sodium 
hydroxide ( 3.59 g of NaOH in 35 ml of water) and the mixture left to stand for 4 days. 
After briefly heating on a water bath, the solution was acidified with glacial acetic acid, 
and the resulting solid filtered off, washed, and rccrystallised from ether/pet. ether. Yield 

20 9.2 g (96%). 

(b) 2-B enzy l-4^Moropyrimidinc 

2-Benzyl-4-pyrimidone (1.65 g, 0.01 mol) was suspended in phosphoryl chloride (20 ml, 
excess) and the mixture refluxed for 30 min. Excess phosphoryl chloride was evaporated 
off, and the residue treated with ice, made strongly basic with concentrated aqueous 
25 sodium hydroxide, and extracted three times with chloroform. The combined extracts were 
dried (MgS04) and evaporated to a brown oil. Yield 1.15 g (55%). 

(c) 2-Benzyl-4-aminopyrimidine 

A solution of 2-bcnzyl^hloropyrimidine (1.15 g, 0.0056 mol) in ammonia-saturated 
methanol (50 ml) was heated at 125 °C for 2 hours in a pressure vesseL The solvent was 
30 evaporated, and the residue treated with water, made strongly basic with concentrated 
aqueous sodium hydroxide, and extracted three times with chloroform. The combined 
extracts were dried (K2CO3) and evaporated to a solid, which was triturated with pet. 

ether. Yield 0.71 g, m.p.140-143 Q C 

(d) N-(2-benzyl^pyrimidinyl)-N , -phenylthiourea 

35 To a suspension of sodium hydride (60% dispersion in oil, 0.34 g, 0.0084 mol) in toluene 
(20 ml) at 100 °C was added in portions 2-benzyl^aminopyrimidine (1.3 g, 0.007 mol). 
The mixture was refluxed for 30 min, then phenyl isothiocyanate (1.14 g, 0.0084 mol) was 
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added. Reflux was continued for a further 2 hours, then the reaction allowed to cooL 
Treatment with water and chloroform afforded a white solid. Yield 1.07 g (48%). 
m.p. 191-193°C 

(e) N-(2-Benzyl^pyrimidmyl>l^-phenylguanidine 
5 To a soning suspension of N-(2-benzyl^pyrinndinyl>hr-phenylthiourea (1.01 g, 

0.00315 mol) in ammonia-saturated methanol (25 ml) was added yellow mercuric oxide 
(0.82 g, 0.00378 mol). Stirring was continued for 16 hr, then die solvent evaporated and 
the black residue boiled with chloroform and filtered. The filtrate was evaporated to a 
white solid, which was recrystallised from acetonitrile. Yield 0.68 g (71%), 

10 m.p. 175-177 °C 

C18H17N5 Found C71.13.H 5.70, N 23.03 Expected C 71.27, H 5.65, N 23.09 
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Example 4 

N-[4-(N-Methylphenylaintao)-2-pyri^ 



(a) 



loropyrimidine 



2,4-Dichloropyrimidine (10 g, 67 mmol) was dissolved in ethanolic ammonia (35 ml) and 
stirred at room temperature for 48 hours, then the resulting white precipitate was filtered 
off and washed with water. This proved to be a mixture of isomers (7.64 g), which was 
used without purification. 

(b) 2-Aimno-4-(N-meuiylpljenylaniino)pyrintidine and 4-amino-2-(N- 
methylphenylamino)py rimidine 

The mixture of aminocMoropyrimidines from the previous step (7 0 g) was heated with 
N-memylaniline (1 1.7 ml, 108 mmol) at 150 °C for 3 hours, then poured into aqueous 
sodium bicarbonate and extracted with chloroform. Drying, evaporation of die 
chloroform, and chromatography (silica. 3% methanol in dichloromethane) gave 4-amino- 
2-(N-memylpbenylaimno)pyrimidine (1.4 g, m.p. 120-122 °Q and 2-anrino-4-(N- 
niemylphenylammo)pyrimidine (0.8 g, m.p. 115-118 °Q. 

(c) N-[4-(N-Me*ylphenylaimi»>2-pyrim^ 

A mixture of 2-anrino-4-(N-memylphenylam^ (2^9 g, 1 1.4 mmol) and 

4-chlorophenyl isothiocyanate (2J5 g, 12.6 mmol) in ethanol (50 ml) was stirred at reflux 
for 5 hours, then cooled. The crystalline product was filtered off and washed with ether. 
Yield 3.6 g (86%), m.p. 202-204 °C 

(d) N-[4-(N-Memylphenylammo>2-pyriimdyl>N , -(4-cW 
A mixture of N-[4-(N-me*ylphenylamiiio)-2-p^ 

(22 g, 6.0 mmol), mercuric oxide (134 g, 7.1 mmol) and methanolic ammonia (50 ml) 
was stirred at room temperature for 48 hours.. The solvent was removed in vacuo and the 
resulting black solid was boiled with chloroform and filtered hot. The filtrate was 
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evaporated and the product purified by chromatography (silica, 0-10% methanol in 

chloroform). Yield 0.62 g (30%), m.p. 1 15-120 °C 

C18H17ON6.0.25HC1 

Found C 59.37, H 4.87, N 23.02, CI 12.02 Requires C 59.73, H 4.80. N 23.22, d 12^4 

5 

Example 5 

N-[4-(N-MethyIphenylamino)-2-pv^ 

(a) N-[4-(N-Methylphenylamino)^ 

10 A mixture of 2-amino-4-(N-methylphenylamin^ (1-0 g, 5 mmol) and phenyl 

isothiocyanate (0.8 g, 6 mmol) in toluene (20 ml) was stirred at reflux for 1 8 hours, then 
cooled and diluted with ether. The crystalline product was filtered off and washed with 
ether. Yield L2 g (72%), m.p. 189-192 °C 

(b) N-[4-(N-Methylphenylammo)^ 

15 A mixture of N-[4-(N-methylphenylammo^ (1-0 g, 3.0 

mmol), mercuric oxide (0.77 g, 3.4 mmol) and methanolic ammonia (50 ml) was stirred at 
room temperature for 48 hours.. The solvent was removed in vacuo and the resulting Mack 
solid was boiled with chloroform and filtered hot. The filtrate was evaporated and the 
product purified by chromatography (silica, 0-10% methanol in chloroform). Yield 0.30 g 

2 0 (32%), m.p. 174-177 °C 

C18H18N6.0.1H2O 

Found C 67.33, H 5.81, N 25.93 Requires C 67.54, H 5.80, N 26.26 

Example 6 
25 N42-(N-Methylptaenylanm^ 
hydrochloride 

(a) N-P-(N-Methylphenylanrino)^ 

A mixture of 4-amino-2-(N-methylphenylamino)pyrimidiM (1.1 g, 5.5 mmol) and 4- 

3 0 chlorophenyl isothiocyanate (1 .12 g, 6.6 mmol) in toluene (25 ml) was stirred at reflux for 

3 hours, then cooled and diluted with ether. The crystalline product was filtered off and 
washed with ether. Yield 0.62 g (31%) 

(b) N-[2-(N-Methylphenylanm^ 

A mixture of N-P-(N-xrcthylphenylarmno)^ (0.62 g, 1.85 

35 mmol), mercuric oxide (0.47 g, 2J22 mmol) and methanolic ammonia (50 ml) was stirred 
at room temperature for 1 6 hours- The solvent was removed in vacuo and the resulting 
black solid was boiled with chloroform and filtered hot The filtrate was evaporated and 
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the pnxiuct purified by chromatography (silica. 0-10% methanol in chloroform) and 
trituration with ether. Yield 0.07 g (11%). m.p. 152-157 °C 
C18H17CIN6 -HC1 

Found C 55.34. H 4.44. N 21.69 Requires C 5533. H 4.66. N 21.58 
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Example 7 

N-(4-Baizyl-2-pjrrinudlnyl)-NM4^^ 

(a) 2-Chloro-4-benzylpyrimidine 

Powdered zinc (1 1.67 g. 0.179 mol) and chlorotrimethylsilane (1.68 ml. 0.0134 mol) in 
dry tetrahydrofuran (250 ml) were stirred under nitrogen for 40 min. Benzyl bromide 
(22.96 g. 0.134 mol) was then added dropwise. keeping the temperature below 40 °C (cold 
water bath). After a further 2 hours the excess zinc was allowed to settle, and the solution 
decanted onto 2,4-dicMorcpyrimidine (20 g. 0.134 mol), washing the solid with 
tetrahydrofuran. Tetrakis(triphenylphosphme)pauadium(0) (135 g, 0.00134 mol) was 
then added, and the mixture stirred at room temperature under nitrogen for 40 hours. 
Saturated aqueous ammonium chloride was then added, and the mixture extracted three 
times with ether. The combined extracts were dried (MgSCU) and evaporated to a yellow 
oil (37 g), which was purified by flash chromatography (dicbloromethane-pet ether) to 
give the title compound as a clear oil. Yield 14.02 g (51%). 

(b) 2-Amino-4-benzylpyrimidine 

A solution of 2-cUcHO-4-b«nzylpynmidine (7 g, 0.0342 mol) in ammonia-saturated 
methanol (60 ml) was heated at 150 °C for 3 hours in a pressure vessel The solvent was 
evaporated, and the residue treated with water, and made strongly basic with concentrated 
aqueous sodium hydroxide. The resulting solid was filtered off, washed with water and 
recrystallised from ethanol to give the title compound. Yield 4.19 g (66%), 
nxp. 147-149 °C 

(c) N-(4-Bcnzyl-2-pyriinidinyl^N'K4^hlorophenyl)thiourea 

A stirring mixture of 2-amino-4-benzylpyiimidine (1 g, 0.0054 mol) and 4- 
chlorophenyUsothiocyanate (1.1 g. 0.00648 mol) in toluene (5 ml) was heated under reflux 
with stirring for 3 hours. After allowing to cool, the solution was treated with ether, and 
the resulting solid filtered, washed and dried. Yield 1.12 g (58%), nxp. 204-206 °C 

(d) N-(4-Benzyl-2-pyriniidmyl>N , -(4-chlonDphenyl)guanidm 

To a stirring suspension of N-(4-benzyl-2-pyrimidtayl^^^ 

(1.08 g, 0.00304 mol) in anmxmia-saturated methanol (30 ml) was added yellow mercuric 
oxide (0.79 g, 0.00365 mol). Stirring was continued for 30 hr, then the solvent evaporated 
and the black residue boiled with chloroform and filtered. The filtrate was evaporated and 
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the product purified by flash chromatography (methanolic ammonia in dichloromethane). 
The resulting solid was recrystallised from ethanol to give the tide compound. 
Yield 0.67 g (65%), nxp 190-191 °C 

Ci 8H16N5. Found C 63.98, H 4.87, N 20.66 Expected C 64.00, H 4.77, N 20.73 

5 

Example 8 

N-C^Benzyl^pjonmidinylVN'-phenylguanidine 

(a) N-(4-Ben2yl-2-pyiimidinyl>N , -phenylthiourea 

10 A stirring mixture of 2-amino^benzylpyrimidine (1 g, 0.0054 mol) and phenyl 

isothiocyanate (0.88 g, 0.0065 mol) in toluene (5 ml) was heated under reflux with stirring 
for 5 hr. After allowing to cool, the solution was treated with ether, and the resulting solid 
filtered off, washed and dried. Yield 0.9 g (52%), m.p. 174-176 °C 

(b) N-(4-Benzyl-2-pyrinridinyl>^-phenylguanidine 

15 To a stirring suspension of N-(4-benzyl-2-pyrirmdinyl^N'-phenylthioinTea (0.88 g, 

0.00275 mol) in ammonia-saturated methanol (25 ml) was added yellow mercuric oxide 
(0.71 g, 0.0033 mol). Stirring was continued for 48 hr, then the solvent evaporated and 
the black residue boiled with chloroform and filtered. The filtrate was evaporated to an oil, 
which crystallised from ethanoL Yield 0.36 g (43%), m.p. 152-153 °C 

20 C18H17N5. Found C 71.10. H 5.59, N 22.74 Expected C 71.27, H 5.65, N 23.09 

Example 9 

N-(6-Benzylpyrazin-2-yl)-N , -phenylguanidinc 

25 (a) 2-Chloro-6-benzylpyrazine 

Powdered zinc (7-42 g, 0.1 134 mol) and chlororrimethylsilane (0.95 g, 0.0087 mol) in dry 
tctrahydrofuran (160 ml) were stirred undo* nitrogen for 15 min. Benzyl bromide 
(14.92 g, 0.087 mol) was then added drop wise, keeping the temperature below 40 °C 
(cold water bath). After a further 3 hr, the excess zinc was allowed to settle, and the 

3 0 solution decanted onto 2,6-dichloropyrazine (13 g, 0.087mol), washing the solid with 

tetrahydrofuran. Tetrakis(triphenylphosphine)palladium(0) (1.01 g, 0.00087 mol) was then 
added, and the mixture stirred at rocm Saturated 
aqueous ammonium chloride was then added, and the mixture extracted three times with 
ether. The combined extracts were dried (MgS04) and evaporated to a dark liquid, which 

3 5 was purified by flash chromatography (dichloromcthane-pet. ether) to give the title 
compound as a clear oiL Yield 3.75 g (21%). 
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(b) 2-Amino-6-bcnzylpyrazinc 

A solution of 2-chloro 6-bcnzylpyrazine (3.7g, 0.018 mol) in aimnonia-saiurated methanol 
(50 ml) was heated at 180 °C for 16 hr. in a pressure vessel. The solvent was evaporated, 
and the residue treated with water, and made strongly basic with concentrated aqueous 
5 sodium hydroxide. The mixture was extracted three times with ether, and the combined 
extracts dried (K2CO3) and evaporated to an oil, which crystallised from ether/pet. ether. 

Yield 1.92 g (57%). m.p. 166-167 °C 

(c) N-(6-Ben^lpyrazin-2-yl)-N'-phenyltitiourea 

A mixture of 2.amino-6-benzylpyrazine (1.91 g, 0.0103 mol ) and phenyl isothiocyanate 
10 (1.67 g, 0.0124 mol) in toluene (10 ml) was heated under reflux with stirring for 3 hr. 

After allowing to cool, the solution was treated with ether, and the resulting solid filtered 
off. washed and dried. Yield 136 g (41%), m.p 192-194 °C 

(d) N-(6-Bet»zylpyrazm-2-yl>^-phenylgvanidine 

To a stirring suspension of N-(6-benzylpyiazin-2-yl)-N , -phenyltmourea (1.3 g, 0.0041 
15 mol) in ammonia-saturated methanol (40 ml) was added yellow mercuric oxide (1.05 g, 
0.0049 mol). Stirring was continued for 4 days, then the solvent evaporated and the black 
residue boiled with chloroform and filtered. The filtrate was evaporated to an oil, which 
was dissolved in ethanol. and refiltered. Removal of the ethanol in vacuo followed by 
treatment with acctonitrile gave the product as a white crystalline solid. Yield 1.06 g 

2 0 (86%), m.p. 165-167 °C 

nsHnM Found C 70.89, H 5.67, N 22.93 Expected C 71.27, H 5.65. N 23.09 



25 



Example 10 

N-[6X2-MetnylpbenylmethyI)]pyrid-2-ylW 



(a) N-[6-(2-Metoylphenylinemyl)]pyrid-2-ylW 

A mixture of 2-amiiio-6-(2-memylphenylmemyl)pyridine (0.9 g. 0.00454 mol) and 4- 
chlorophenyl isothiocyanate (0.92 g. 0.00545 mol) in toluene (4 ml) was heated umf- 
reflux with stirring for 2.5 nr. After allowing to cool, the solution was treated with 
30 and the resulting solid filtered off, washed and dried. Yield 1.46 g (87%), 
m.p. 218-221 "C 

(b) N-[6-(2-Memylphenylmemyl)]pyrid-2-yl-N'-(4-chlorophenyl)p 
To a suspension of N-[6-(2-memylphenylinemyl)]pyrid-2-yl-N'K4-cMorophenyl^ 
(1.42 g, 0.0039 mol) in ammonia-saturated methanol (35 ml) was added yellow mercuric 

35 oxide (1.0 g, 0.0046 mol). Stirring was continued for 16 hr, then the solvent evaporated 
and the black residue boiled with chloroform and filtered. The filtrate was evaporated to a 
solid, which was purified by flash chromatography (methanolic ammonia in chloroform). 
The crystalline product was triturated with ethenL Yield 0.42 g (30%). m.p. 209-211 °C. 
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C20H19CIN4 .0.150103 

F««nd C 65.76. H 539. N 1535 Expected 



Example 11 

5 N.[6-(2-MethylphenylinethyI)pyrid.2.yl)-N'.phenylguanldine 

(a) N46-(2-Methylphenylniethyl)pyiid-2-yl)-N'-phenylthiourea 

A mixture of 2-amino-6-(2-methylphenylmethyl)pyridine (0.87 g. 0.0044 mol) and phenyl 
isothiocyanate (0.71 g, 0.0053 mol) in toluene (4 ml) was heated under reflux with stirring 
10 for 3.5 hr. After allowing to cool, the solution was treated with ether, and the resulting 
solid filtered off, washed and dried. Yield 1.1 g (75%). m.p. 184-186 °C 

(b) N-[6-(2-Methylphenylmemyl)pyrid-2-yl>^-phenylgiiaiiidine 

To a suspension of N-£6-(2-memylphenylmemyl)pyrid-2-yl>N'-phenylthiourea (1 g. 
0.003 mol) in ammoma-samrated methanol (30 ml) was added yellow mercuric oxide 

15 (0 78 g. 0.0036 mol). Smring was continued for 48 hr, then the solvent evaporated and 
the black residue boiled with chloroform and filtered. The filtrate was evaporated to half 
volume, when a solid crystallised out. This was filtered off, and purified by flash 
chromatography (amtnoniacal methanol-chloroform). The product was recrystallised 
methanol. Yield 0.46 g (48%), m.p 176-178 °C 

20 C20H20N4. Found C 75.94, H 6.33, N 17.78 Expected C 75.92, H 6.37, N 17.71 



• (•)•* 
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Example 12 

^(e-Benzylpyrid-^ylVN'-phenylguanidine 

(a) N-(6-Benzylpyrid-2-yl)-N , -phenylthiourca 

A mixture of 2-ammo-6-ben2ylpyridine (1.43 g, 0.0084 mol) and phenyl isothiocyanate 
(136 g, 0.01 mol) in toluene (7 ml) was heated under reflux with stirring for 33 hr. After 
allowing to cool, the solution was treated with ether, and the resulting solid filtered off. 
washed and dried. Yield 1.2 g (45%), m.p. 163-165 °C 

(b) N-(6-Benzyh?yrid-2-yl>N , -phenylguanidine 

To a suspension of N-(6-Ben2ylpyrid-2-yl)-N'-phenylthiourea (1.2 g. 0.00375 mol) in 
ammonia-saturated methanol (35 ml) was added yellow mercuric oxide (0.97 g, 0.0045 
mol). Stirring was continued for 48 hr, then the solvent evaporated and the black residue 
boiled with chloroform and filtered. The filtrate was evaporated and the residue 
recrystallised from ethanoL Yield 0.7 g (62%), m.p. 185-186 °C 
C19H18N4 .0.0250403 

Found C 74.94. H 5.96. N 18.41 Expected C 74.83. H 5.95. N 1835 
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Example 13 

N-(6-Ben^pyrid.2-yl)-N , .(4^lilorophenyI)guanidine 

(a) N-(6-Benrylpyrid-2-yl>N'-(4-chlorophenyl)thiourea 

A mixture of 2-ammo-6-ber^lpyridine (1.45g. 0.008 mol), 4-chlomphcnyl isothiocyanatc 
(1.74g, 0.010 mol) and toluene (10 ml) was refluxed with stirring for 3 hours. The solution 
was cooled and the product crystallised on treatment with diethyl ether. Yield 1.77 g 
(59*), m-p. 196-198 °C 

(b) N-(6-Benzylpyrid-2-yl>i>r-(4KWorophenyl)guanidine 

A mixture of N^6-benzylpyiid-2-yl)-rT-(4-chlorophenyl)-thiourea (0.82 g , 0.002 mol), 
yellow mercuric oxide (0.60 g, 0.003 mol) and methanolic ammonia solution (30 ml) was 
stirred for 48 hours. The solvent was removed in vacuo and the resulting black solid was 
. •.«_ -vi r — on A fiw-~ri h«t The nale vellow filtrate was evaporated and 



triturated with diethyl ether then recrystallised 
15 m.p. 214-215 °C 



Expected 
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Example 14 

N-l6^4-Meftylbenzyl)pyrid-2-yl]rN , -phenylguanidine 



(a) 2-Bromo-6-(4-mcthylbcnzyl)pyridine hydrobrotmde 

Powdered zinc (3 S9 g, 0.0549 mol) and cMorotrimemylsilane (0.45 g. 0.00422 mol) in 
dry tetrahydtofuran (80 ml) were stirred under nitrogen for 45 min. a-Bromo-p-xylene 
(7 81 g 0.0422 mol) in dry tetrahydrofuran (20 ml) was then added dropwise, keeping the 
temperature below 40 °C (cold water bath). After a further 3 hr, the excess zinc was 
allowed to seme, and the solution decanted onto 2,6^brornopyridine (10 g, 0.0422 mol), 
washing the solid with dry tetrahydrofuran. Tetrakb(mphenyl P hosphine)palladium(0) 
(0 49 g 0.000422mol) was then added, and the mixture heated under nitrogen with 
stirring at 55 »C for 20 nr. Saturated aqueous ammonium chloride (200 ml) was then 
added, and me mixture extracted three times with ether. The combined extracts were 
dried (K2CO3) and evaporated to an oil, which was dissolved in a solution of 45% w/v 
HBr in acetic acid (10 ml). Treatment with ether afforded a crystalline solid which was 
filtered off. washed and dried. Yield 6.96 g (48%). mp. 184-187 °C 
(b) 2-Amino-6-(4-n»thylbenzyl)pyiidine maleate 

2-Bromo^(4-memylbenzyl)pyridine hydmbromide (6.93 g, 0.0202 mol) and 25% 
aqueous ammonia (50 ml) were heated with stirring at 200 °C in a pressure vessel for 16 
hr The mixture was then made strongly basic with concentrated aqueous sodium 
hydroxide and extracted three times with chloroform. The combined extracts were dried 
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CK2C03) evaporated, and treated with ether to give a solid which was filtered off and 
£2£ was evaporated and treated with an ethanoi solution 

(1 , g> 0.009 mol). The solution was evaporated and the residue mturated with ether then 
recrystalUsed from acctonitrile. Yield 1.39 g (22%), m.p. 123-125 °C 

(c) N-t6-(4-Methylbetizyl)pyrid-2-yl]-N'-phenylthioui^ 
2-Arnino-6K4-methyltenzyl)pvridine tnaleate (1.37 g. 0.0044 mol) was suspended m 
water and chloroform and the stirring mixture made basic with cone, aqueous sodium 
hydroxide. The layers were separated and the aqueous layer again extracted with 
chloroform. The combined extracts were dried (K2CO3) and evaporated, and the residue 
treated with phenyl isothiocyanate (0.71 g. 0.0052 mol) and toluene (4 ml) and refluxed 
with stirring for 2.5 hours. The solution was cooled and the product crystallised on 
treatment with diethyl ether. Yield 0.9 g (62%), m.p. 175-177 °C 

(d) N-I6-(4-Memylbenzyl)pyrid-2-yl]-N'-phenylgtianidine 

To a suspension of N-[6-(4-Me*ylbenzyl^ Q» • • 

mol) in ammonia-saturated methanol (30 ml) was added yellow mercuric oxide (0.69 g, 
0 0032 mol). Stirring was continued for 48 hr, then the solvent evaporated and the black 
residue boiled with chloroform and filtered. The filtrate was evaporated and the residue 
recrystaUised from acctonitrile. Yield 0.72 g (86%). m.p.156-158 °C 
C20H20N4. Found C 75.95. H6J2.N 17.69 Expected C 75.92. H 6.37. N 17.71 

Example 15 

N-[6-(4-Methoxyl»enzyl)pyrid-2-yl]-N , -phenylgtianidine 
(a) 2-Bromo-6-(4-memoxybeiuyl)pyridine * 

Powdered zinc (6.62 g, 0.081 mol) and cWorotrimethylsilane (0.88 g, 0.0081 mol) in dry 
tctrahydrofuran (150 ml) were stirred under nitrogen for 15 min. 4-Methoxyberuyl 
bromide (16.2 g, 0.081 mol) in dry tetrahydrofuran was then added dropwise, keeping 
the temperature below 40 °C (cold water bath). After a further 1 hr. the excess ztnc was 
, -a ,h, simian decanted onto 2.6-dibrrancmyridine (12.79 g, 0.054 



f m a m-r W mm mm — — — — w 

3 o mol). washing the solid with dry tetrahydrofuran. 
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mixture heated under nitrogen with stirring at 60 °C f or 20 hr. Saturated aqueous 
ammonium chloride (200 ml) was then added, and the mixture extracted three nmeswtth 
ether The combined extracts were dried (K2CO3) and evaporated to an oily solid, which 
was mturated with ether. The solid was filtered off and discarded, and the filtrate 
evaporated and purified by flash chromatography (dichloromethane-pet. ether) to give the 
tide compound as an oil. Yield 9 g (60%). 
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(b) 2-Hydraano-6-(4-meuioxybenzyl)pyridine 

A mixture of 2-bromo-6-(4-methoxybenzyl)pyridine (4.75 g, 0.017 mol), hydrazine 
hydrate (20 ml) and ethanol (40 ml) was placed in a 100 ml pressure vessel and heated at 
160 °C for 2.5 hours. The solvent was evaporated and the residue treated with water and 
5 basified with sodium hydroxide solution to pH 14. The resultant solid was filtered, washed 
with water and dried at room temperature, then used immediately without further 

purification. Yield 2.74 g (70%). 

( c ) 2-Amino-6-(4-methoxybenzyl)pyridine 

A mixture of 2-hydrazino-fr(4-memc>xybenzyl)pyridine (3.0 g, 0.013 mol ). Raney nickel 
10 (ca. 2 spoonfuls) and ethanol (90 ml) was hydrogenated at 50 psi and 50 °C for 1 hour 
with shaking. The resulting mixture was filtered and the filtrate evaporated to give dw 
product as a solid, which was triturated with ether. Yield 2.13 g (76%). m.p. 113-117 °C 

(d) N-[6-(4-Methoxybenzyl)pyrid-2-yl>^ 

A mixture of 2-ammo^4-memoxybenzyl)pyridiiie (1 g. 0.0047 mol). phenyl 
1 5 isothiocyanate (0.76 g. 0.0056 mol) and toluene (5 ml) was refluxed for 2 hours, then 
diluted with diethyl ether. The white solid was filtered off and washed with ether. Yield 
1.13 g (69%), m.p. 172-175 °C 

(e) N-[6-(4-Memoxybenryl)pyrid-2-yl]-K-phenylguanidine 

To a suspension of N-[6-(4-Memoxybeiizyl)pyri^ 0-» % . 0 0032 

20 mol) in ammonia-saturated methanol (40 ml) was added yellow mercuric oxide (0.83 g, 
0.0039 mol). Stirring was continued for 48 nr. then the solvent evaporated and the black 
residue boiled with chloroform and filtered. The filtrate was evaporated and the residue 
crystallised from acetonitrile. Yield 0.86 g (81%), m.p. 160-161 °C 
C20H20N4O. Found C 71.94, H 6.18. N 16.94 Expected C 72.27, H 6.06, N 16.85 

25 

Example 16 

N-(6-Benzylpyrid-2-yl)-N , -(2-inethylphenyI)guanidlne 

(a) N-(6-Benzylpyrid-2-yl>N , -(2-inemyphenyl)thiou«a 

30 A mixture of 2-amiiKv6-benzylpyridine (1.05 g, 0.0057mol). o-tolyl isothiocyanate 

(1.02 g, 0.0068 mol) and toluene (5 ml) was refluxed for 2 hours, then diluted with diethyl 
ether. The white product was filtered off and washed with ether. Yield 1.06 g (56%), 
mp. 183-186 °C 

(b) N-(6-Benzylpyrid-2-yl)-l^-(2-memylpbenyl)guanidine) 

35 A mixture of N-(6-beiizylpyrid-2-yl)-rr-(2-inemyphenyl)-thiourea (1.08 g . 0.003 mol), 
yellow mercuric oxide (0.83 g, 0.004 mol) and methanolic ammonia (30 ml) was star 
for 48 hours at room temperature. The solvent was removed in vacuo and the resultant 
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black solid boiled with chloroform (50 ml) and the mixture filtered hot. The filtrate was 
evaporated and the residue recrystallised from cihanoL Yield 034 g (34%), 
m.p. 184-186 °C 

C20H20N4. Found C 75.69. H 6.46, N 17.73 Expected C 75.92, H 6.37, N 17.71 

5 

Example 17 

N-(6-Ben^lpyrid-2-yl)-r>P^^ 

(a) N-(6-Ben2ylpyrid-2-yl)^ 

10 A mixture of 2-amino-6-benzylpyridine (1.02 g, 0.0055 mol), 2-chlorophenyl 

isothiocyanate (1.12g, 0.0066 mol) and toluene (5 ml) was refluxed for 2 hours, cooled 
and treated with diethyl ether. The product was filtered off and washed with ether. Yield 
1.31 g (67%), m.p. 186-188 °C 

(b) N-(6-Benzylpyrid-2-yl>^ 

15 A mixture of N-(6-benzylpyrid-2^ d-2 7 g, 0.0036 mol), 

yellow mercuric oxide (0.93 g, 0.0043 mol) and methanolic am mon ia (30 ml) was stirred 
for 48 hours at room temperature. The solvent was removed in vacuo and the black residue 
boiled with chloroform and filtered hot. The filtrate was evaporated and the residue 
recrystallised from ethanoL Yield 0.43 g (36%), m.p. 210-21 1 °C 

20 C19H17CIN4. Found C 67.66, H 5.23, N 16.60 Expected C 67.75, H 5.09, N 16.63 

Example 18 

N.(6-Benzylpyrid.2.yl)-N^(3-inethoxyphenyl)guanidine 

25 (a) N-(6-Benzylpyrid-2-yl>^ 

A mixture of 2-amino-6-bcnzyl pyridine (1.00 g, 0.0054 mol), 3-methoxyphenyl 
isothiocyanate (1.07 g, 0.0065 mol) and toluene (5 ml) was refluxed for 2 hours, cooled 
and treated with diethyl ether. The product was filtered off and washed with ether. 
Yield 1.06 g (60%). m.p. 148-150 °C 

30 (b) N-(6-Benzylpyrid-2-yl)-^ 

A mixture of N-(6-benzylpyrid-2-yl)W < 104 & 0 003 mol >' 

yellow mercuric oxide (0.74g, 0.0034 mol) and methanolic ammonia (30 ml) was stirred 
for 48 hours at room temperature. The solvent was removed in vacuo and the black residue 
boiled with chloroform and filtered hot, The filtrate was evaporated and the residue 

3 5 recrystallised from acetonitrile. Yield 0.55 g (56%), m.p.151-153 °C 

C26H20N4O. Found C 72.51, H 6.08, N 16.99 Expected C 72^7. H 6.06, N 16.85 
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Example 19 

N46-(S.Methoxybenz3i)pyrid-2-yl].N , -phenylguanidiM 

(a) 2-Bromo-6-(3-mcihoxybcnzyl)pyridinc 

5 Powdered zinc (8.13 g, 0.124 mol) and chlorotrimcthylsilane (1.08 g, 0.01 mol) in dry 
tctrahydrofuran (175 ml) were stirred under nitrogen for 15 min. 3-Methoxybenzyl 
bromide (19.9 g, 0.1 mol) was then added dropwise, keeping the temperature below 
40 °C (cold water bath). After a further 1 hr, the excess zinc was allowed to settle, and the 
solution decanted onto 2,6-dibromopyridine (15.71 g, 0.0663 mol). washing the solid with 

10 dry tetrahydrofuran. Tctrakis(triphenylphosphine)palladium(0) (0.77 g, 0.00066 mol) was 
then added, and the mixture stirred at room temperature under nitrogen for 20 hr. 
Saturated aqueous ammonium chloride was then added, and the mixture extracted three 
times with ether. The combined extracts were dried (K2CO3) and evaporated to an oily 
solid, which was triturated with dichloromethane. The solid was filtered off and 

15 discarded, and the filtrate evaporated and purified by flash chromatography 

(dichloromethane-pet. ether) to give the tide compound as an oiL Yield 12.78 g (69%). 

(b) 2-Hydrazino-6-(3-methoxybcnzyl)pyridine 

A mixture of 2-bromo-6-(3-methoxyb«izyl)pyiidiiie (12.77 g, 0.0442 mol), hydrazine 
hydrate (30 ml) and ethanol (60 ml) was placed in a 250 ml pressure vessel and heated at 
20 1 60 °C for 2J5 hours. The solvent was evaporated and the residue treated with water and 
basified with sodium hydroxide solution to pH 14. The oil which separated was extracted 
into dichloromethane, washed with water, dried (K2CO3) and evaporated. Yield 9.72 g 
(96%). 

(c) 2-AminoH6^methoxybenzyl)pyridine 

25 A mixture of 2-hydrazino-6-(3-methoxybenzyl)pyridine (9.7 g, 0.0423 mol ), Raney 

nickel (ca. 1 spoonful) and ethanol (100 ml) was hydrogenated at 50 psi and 50 °C for 2 
hours with shaking. The resulting mixture was filtered, the filtrate was evaporated and the 
product crystallised from ether-pet. ether. Yield 7.14 g (79%), m.p. 80-82 °C 

(d) N-[6-(3-Methoxyben^l)py^ 

30 A stirring mixture of 2-amirK>-6-{3-methoxybenzyl)pyridine (1.07 g, 0.005 mol) and 

phenyl isothiocyanate (0.81 g, 0.006 mol) in toluene (8 ml) was heated under reflux with 
stirring for 2 hr. After allowing to cool, the solution was treated with ether, and the 
resulting solid filtered off, washed and dried. Yield 1.0 g (57%), m.p. 142-145 °C 

(e) N-[6-(3-Methoxybenzyl)pyr^^ 

35 To a suspension of N-[6-(3-methoxybenzyl)py^^ (0.98 g , 0.0028 

mol) in ammonia-saturated methanol (40 ml) was added yellow mercuric oxide (0.73g, 
0.0034 mol). Stirring was continued for 3 days, then the solvent evaporated and the black 
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residue boiled with chloroform and filtered. The filtrate was evaporated and the 
rccrystallised twice from acetonimlc 
Yield 0.59 g (63%), m.p. 166-168 °C 

C20H20N4O. Found C 72.14, H 6.05, N17.01 Expected C 11X1, H 6.06, N 16.85 
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Example 20 

N-(6-Ben^pyrid-2-yI)-N , -(3-chlorophenyI)guaiiidine 

(a) N-(6-Benzyli»yrid-2-yl>N , -(3-chlorophenyl)tmourea 

A mixture of 2-amino-6-benzyl pyridine (1.02g, 0.0055 mol), 3-chlorophenyl 
isothiocyanate (1.13g, 0.0066 mol) and toluene (5 ml) was refluxed for 33 hours, cooled 
and treated with diethyl ether. The product was filtered off and washed with ether. Yield 
1.61 g (83%), m-p. 187-189 °C 

(b) N-(6-Beiizylpyrid-2-yl)-N'-(3-chlorophenyl)guanidine 

A mixture of N-(6-benzylpvrid-2-yl)-N'-(3-chloTophenyl^thiourea (1 J8g, 0.0044 mol), 
yellow mercuric oxide (1.18g, 0.0054 mol) and methanolic ammonia (30 ml) was stirred 
for 48 hours at room temperature. The solvent was removed in vacuo and the black residue 
was boiled with chloroform and filtered hot. The filtrate was evaporated and the residue 
triturated with ether to give a crystalline solid. Yield 0.78 g (52%), m.p. 131-133 "C. 
nnHnONi Found C 67.70. H 5.25, N 1637 Expected C 67.75, H 5.09, N 16.63 



Example 21 

^(e-Benzylpyrid-^vD-N'^methoxyphenyDguanidine 

25 (a) N-(6-Benzylpyrid-2-yl>N'-(4-inemoxyphenyl)thiourea 

A mixture of 4-methoxyphenyl isothiocyanate (1.16g, 0.006 mol). 2-amino-6- 
benzylpyridine (1.04 g. 0.0056 mol) and toluene (5 ml) was refluxed for 33 hours, cooled 
and treated with diethyl ether. The product was filtered off and washed with ether. 

Yield 132 g (77%), m.p. 176-179 °C 

30 (b) N-(6-Beiirylpyrid-2-yl>N , -(4-memoxyphenyl)guanidine 

A mixture of N-(6-benzylpyrid^2-yl)-N'-(4-methoxyphenyl)-thiourea (1.48g, 0.0042 mol). 
yellow mercuric oxide (1.11 g, 0.0051 mol), and methanolic ammonia (30 ml) was stirred 
for 48 hours at room temperature. The solvent was removed in vacuo and the black residue 
was boiled with chloroform and filtered hot. The filtrate was evaporated and the residue 

35 recrystallised from acetonitrile. Yield 0.58 g (48%), m.p. 151-153 °C 

C20H20N4O. Found C 72.21. H 6.13, N 16.90 Expected C 72.27, H 6.06. N 16.85 
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Example 22 

N-(2-Benzyl.3-inethoxypyrid-6-yl)-N'-phenylguaiiidine 

(a) 2-Bromo-3-methoxy-6-phthalimidopyridinc 

5 A mixture of 2-bromcH3-memoxy-6-atmnopyridine (1.8 g, 8.9 mmol) and phthabc 

anhydride (1.48 g, 10 mmol) in toluene (100 ml) was stirred at reflux for 16 hours with 
azeotropic removal of water. After evaporation of the solvent, aqueous sodium 
bicarbonate was added and the product extracted into dichloromethane, dned, and the 
solvent evaporated. The residue was recrystallised from ethanoL Yield 2.74 g (93%). 

10 m-p- 230-231 °C 

(b) 2-Benzyl-3-memoxy-6-phthalimidopyridine 

A mixture of 2-bromo-3-memoxy-6-phthalimidopyri<iine (2-7 g, 8.2 mmol), benzylzinc 
bromide (24 ml of 0.5M solution inTHF) and tetrald S (mphenylphosphinc)palladium(0) 
(0.09 g, 0.08 mmol) was stirred at room temperature for 2 days, then quenched with 
15 aqueous ammonium chloride. The product was extracted into a mixture of ether and 2- 
propanol. dried, and the solvent evaporated. Trituration with ether gave the desired 

product Yield 0.74 g (27%), mp. 180-185 °C 

(c) 2-Benzyl-3-memoxy-6-aminopyridine 

A solution of 2-benryl-3-memoxy-6-phthalinndopyridine (0.70 g, 2 mmol) and hydrazine 
20 hydrate (0.29 ml. 3 mmol) in ethanol (5 ml) was stirred at reflux for 75 min. After 

evaporation of the solvent, the residue was triturated with ether, and the solid filtered off 
and discarded. The filtrate was purified by chromatography (silica, 4% methanol in 
dichloromethane) to obtain the product as a dark gum Yield 0.38 g (98%). 

(d) N-(2-Benzyl-3-memoxypyrid-6-yl)-N'-phenylthiourea 
A mixture of 2-ben2yl-3-methoxy-6-aminopyridine (0.34 g. 1.7 mmol) and phenyl 
isothiocyanate (0.24 ml. 2 mmol) in toluene (5 ml) was stirred at reflux for 4 J hours. 
Evaporation of the solvent and trituration with methanol gave the product. 
Yield 038 g. mp. 163-166 °C 

(e) N-a-Benzyl-3-mcmoxypyrid-6-yl)-N , -phenylguanidme 
A mixture of N-a-benzyl-3-memoxypyrid-6-yl>K-phenyl-thiourea (0.38 g, 1.1 mmol) 
and mercuric oxide (0.28 g, 1.3 mmol) in methanolic ammonia (15 ml) was smred at too 
temperature for 2 days, then filtered through celite. The filtrate was evaporated and the 
residue recrystallised from ethanol. Yield 0.15 g (41%), mp. indeterminate, 
C20H2ON40 .0.15H2O 

35 Found C 71.67, H 6.10, N 16.65 Requires C 71.68. H 6.11. N 16.72 



Example 23 

N -[6-(4-nuoroberayl)pvrid-2-yl]-N'-phenylguanidine 
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(a) 2-Bronx>-6-(4-fluorobenzyl)pyridine 

Powdered zinc (4.09 g, 0.063 mol) and chlorotrimeihylsilane (0.63 ml, 0.005 mol) in dry 
retrahydrofuran (100 ml) were stirred under nitrogen for 20 min. 4-Fluorobenzyl bromide 
5 (9.45 g, 0.05 mol) was then added dropwise, keeping the temperature below 40 °C (cold 
water bath). After a further 1 hr, the excess zinc was allowed to settle, and the solution 
decanted onto 2,6-dibromopyridine (7.9 g. 0.033 mol), washing the solid with dry 
tetrahydrofuran. Tetrakis(triphenylphosphme)palladium(0) (0.38 g, 0.00033 mol) was then 
added, and the mixture stirred at room temperature under nitrogen for 2 days. Saturated 
1 o aqueous ammonium chloride was then added, and the mixture extracted three times with 
ether. The combined extracts were dried (MgS04) and evaporated, and the residue 
purified by flash chromatography (dichloromethane-pet. ether) to give the tide compound 

as an oiL Yield 4.5 g (34%). 

(b) 2-Hydrazmo-6-(4-fluorobenzyl)pyridine 

A mixture of 2-bromo-6-(4-fluorobeiizyl)pyridine (4.4 g, 0.0165 mol), hydrazine hydrate 
(12 ml) and ethanol (40 ml) was placed in a 100 ml pressure vessel and heated at 160 °C 
for 23 hours. The solvent was evaporated and the residue treated with water and basified 
with sodium hydroxide solution to pH 14. The oil which separated soon crystallised and 
was filtered off, washed and dried, then used immediately without further purification. 

20 Yield 3.46 g (97%). 

(c) 2-Arruno-6-(4-fluorobenzyl)pyridine 

A mixture of 2-hydrarino-6-(4-fluorobeiu^l)pyridine (3.45 g, 0.0159 mol ), Raney nickel 
(ca. 1 spoonful) and ethanol (100 ml) was hydrogenated at 50 psi and 50°C for 2 hour with 
shaking. The resulting mixture was filtered through celite, the filtrate evaporated and the 
25 product crystallised under pet ether (b.p. 40-60). Yield 2.66 g (83%), m.p. 69-71 °C 

(d) N-[6-(4-fluorobeiizyl)pyrid-2-yl]-N , -phenylthiourea 

A stirring mixture of 2-animo-6-(4-fiuorobenzyl)pyridine (1.3 g, 0.0064 mol) and phenyl 
isothiocyanate (1.04 g, 0.0077 mol) in toluene (8 ml) was heated under reflux with stilling 
for 3.5 hr. After allowing to cool, the solution was treated with ether, and the resulting 
3 0 solid filtered off, washed and dried. Yield 1.46 g (68%), m.p. 198-200°C. 

(e) N-[6-(4-Rucnobenzyl)pyrid-2-yl]-hr-phenylguaiudine 

To a suspension of N-[6-(4-fluorobeiizyl)pyrid-2-ylhN , -phenylthioiirea (1.43 g, 0.0042 
mol) in ammonia-saturated methanol (40 ml) was added yellow mercuric oxide (1.1 g, 
0.0051 mol). Stirring was continued for 2 days, then the solvent was evaporated and the 
35 black residue boiled with chloroform and filtered through celite. The filtrate was 
evaporated and the residue recrystallised from acetonemic. 
Yield 0.82 g (60%), m.p. 128-130 °C 

noHnFNd Found C 71.29, H 5.53, N 17.62 Expected C 71.23, H 535, N 17.49 
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Example 24 

N-[6K4-NitrobeIl^!)pyrid-2.yl]-N^phenylgluulidine 

(a) 2-Bromo-6-(4-nitrobenzyl)pyridine 

To a nitrating mixture of concentrated nitric acid (8 ml) and concentrated sulphunc acrd 
(8 ml) was added with stirring ^bromo-o-bcnzylpyridine (5 g, 0.0202 mol), keepmg the 
temperature at 10-20<»C The reaction was stirred at room temperature for 1 nr. then 
poured onto ice and neutralised by the addition of solid ammonium carbona ^^ C 
^nire was extracted three times with ether, and the combined extracts dned (MgS0 4 ) 
and evaporated to an oil. which crystallised from ethyl acetate-pet. ether. The product was 
filtered off, washed and dried. Yield 2.54 g (43%), m.p. 78-80 °C 

(b) 2-Hydrazmo-6-(4-nitrotenzyl)pyridine 

A mixture of 2-brorno-6-(4-m«robe«yl)pyridine (233 g, 0.0086 mol), hydrazine hydrate 
C7ml) and ethanol (40 ml) was placed in a 100 ml pressure vessel and heated at 160 Cfor 
2 hours. The solvent was evaporated and the residue treated with water and basified with 
sodium hydroxide solution to pH 14. The resulting yellow solid was filtered off and 
recrystallised from acetonitrile. Yield 1.38 g (65%), m.p. 139-141 °C 

(c) 2-Arido-6-(4-mtrobenryl)pyridine „ 

Vo a stirring suspension of 2-hydrazmo^(4-nitrobenzyl)-pyridine (137 g- 0-^56 mol) m 
concentrated hydrochloric acid (50 ml) was added at 0-5"C sodium nitnte 0-87 g, (0.056 
xnol). The mixrum was aUowcdm warm m room temperas 

hour. Dilution with water followed by neutralisation with concentrated aqueous sodmm 
hydroxide gave the product as a solid. Yield 1.38 g (97%). m.p. 188-190 °C 
fd) 2-[(Triphenylphosphc^yUdcne)ammo]-6-(4-mtrobenzyl)pvndme 

A stirring mixture of 2-azido^4-mtrober^l)pyridine (237 g, 0.0093 mol) and 
triphenylphosphine (2-68 g. 0.0102 mol) in dioxan (45 ml) was heated under reflux for 3 
hr The solvent was evaporated and the residue treated with ethe. The P-duct soon 
crystallised, and was filtered off, washed and dried. Yield 4.4 g (97%). m. P . 147-149 C 
(e) N-[6-(4-rTitrobenzyl)pyrW-2-yl]-^-phenylguanidm^ 

A solution of 2- K «phenylphosphoranyMene)armrK,]-6-(4-ni^ E. 
0 0025 mol) in dry tetrahydrofuran (20 ml) was treated with phenyl uaxyanate (0.29 g. 
00025 mol) arrived for 3 hr. More phenyl isocyanate (0.15 g. 0.0012 mol) was added, 
and the reaction left to stand for 16 hr. Arnmonia gas was then passed through the 
sonmon with stirring for 10 mir^ and after a furmer 20 min. the solvent was evaporated 
off, and the residue purified by flash chromatography (methanols armnoma- 
Hinhloromethane) and recrystallisation from acetonitrile. 
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Yield 03 g (35%). m-p. 185-187 °C 0 „, n „. mN on i* 

C19H17N5O2. Found C 65.62. H 5.06. N 20.15 Expected C 65.70. H 4.93. N 20.16 

Example 25 

5 N-[6-(4-Anunophenylmethyl)pyrid-2-yll-N'-phenylguanidine 

A mixture of N-[6-(4-iutrophenylmethyl)pyrid-2-yl]-N'-phenylguai^ (0.65 g. 0.0019 
mol) and 10% palladium on carbon catalyst (0.1 g) in ethanol was hydrogenated at 40 
p.s.i. for 2 far. The catalyst was filtered off and the filtrate evaporated to low volume to 
1 o induce crystallisation. Yield 0.46 g ( 78%). m.p. 203-205 °C (dec). 

C19H19H5. Found C71.71.H 6.21, N 21.99 Expected C 7 1.90. H 6.03, N 22.06 



15 



Example 26 

N-(6-Benzylpyrid-2-yl)-N'.(4-cyanophenyl)guanidme 



(a) N-(6-Benzylpyrid-2-yl>N , -(4-cyanophenyl)thio»irea 

A mixture of 4-cyanophenyl isothiocyanate (1.04 g. 0.006 mol). 2-amino-6-benzylpyiidine 
(1.00 g. 0.0054 mol) and toluene (10 ml) was refluxed for 33 hours, cooled and treated 
with diethyl ether. The product was filtered off and washed with ether. 

2 0 Yield 1 g (53%), m.p. 207-209 °C 

(b) N-(6-Benzyhjyrid-2-yl>N'-(4-cyanophenyl)guamdine 

A mixture of N-(6-benzylpyrid-2-yl)-K-(4^anophenyl)tmourea (0.98 g, 0.003 mol), 
yellow mercuric oxide (0.74 g, .0034 mol), and methanolic ammonia (40 ml) was stirred 
for 48 hours at room temperature. The solvent was removed in vacuo and the black residue 
25 was boiled with chloroform and filtered noL The filtrate was evaporated and the residue 
recrystallised from acetonitrile Yield 033 g (57%). m.p. 200-201 °C 
r^H, ,N« Found C 73.46. H 538. N 21.41 Expected C 7337. H 5.23. N 2139 



Example 27 

30 N-[6-(Beiizylpyrid-2.yl)]-N^4-ineUiylUiiophenyl)guanidine 

(a) N-(6-Beiizylpyrid-2-yl)->r-^ 

A mixture of 4-methylthiophenyl isothiocyanate (5.9 g. 27.1 mmol). 2-amino-6- 
benzylpyridine (5.0 g, 27.1 mmol) and toluene (150 ml) was refluxed for 33 hours, 
35 cooled and treated with diethyl ether. The product was filtered off and washed with ether. 

Yield 635 g (64%). 

(b) N-(6-Benzylpyrid-2-yl)-K-(4-memyltmophenyl)guamdme 

A mixture of N-(6-benzylpyrm-2-yl)-NM4-me^ ( " * 169 mmol) ' 

ycUow mercuric oxide (4.4 g, 203 mmol). and methanolic ammonia (400 ml) was stirred 



-28- 



WO 94/26715 



PCT/EP94/01447 



15 



for 72 hours at room temperature The solvent was removed in vacuo and the black residue 
was boiled with chloroform and filtered hot. The filtrate was evaporated and the residue 
recrystallised from acetonitrile. Yield 3.2 g (55%), m.p. 192-194 °C 
C20H20N4S. Found C 68.92, H 5.84, N 16.07 Requires C 68.94. H 5.79. N 16.08 

5 

Example 28 

N46^enzylpvrid-2-yl»NM4^ 
salt 

10 A solution of N-(6-benzylpyrid-2-ylVN'-(4-memylutio-phenyl)guanidm (1.0 g. 2.9 
mmol) in dichloiomethane (50 ml) was maintained at -35 to -45 °C as a solution of 
m -cMoropcrfaenzoic acid (0.59 g, 3.4 mmol) was added dropwise with sorting. After a 
further 2 hours at this temperature, the solution was allowed to warm to room temperature, 
and stirring was continued fori hour. Aqueous sodium bicarbonate was added, and the 
organic layer was washed with water, dried and evaporated. The residual oil was found to 
consist mainly of sulphone. with only minor amounts of sulphoxide. Chromatography 
(silica. 5% methanol in chloroform) gave the pure product. 
Yield 035 g (34%), m.p. 175-178 °C 

C20H20N4O2S .C7H5CIO2 -03H2O 
20 FoundC59.69.H4.74.N 10.33. S 6.09 Requires C 59.78, H 4.76. N 1033. S 5.91 



Example 29 

N-[6^4-Memoxybenzyl)-5-inetto^ 

25 (a) 2-(4-Memoxybenzyl>3-memoxy-6-phm 

Powdered zinc (1.23 g. 0.0188 mol) and chlorotrimethylsilane (0.1 1 g. 0.001 mol) in dry 
tctrahydrofuran (20 ml) were stirred under nitrogen for 15 min. 4-Methoxybenzyl 
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bromide (3 g, 0.015 mol) was then added dropwise. keeping the temperature below 40 C 
(cold water bath). After a further 1 nr. the excess zinc was allowed to setde, and the 
solution decanted onto 2-bromo-3-methoxy-6-phthalimido-pyr^ (3.33 g. 0.01 mol). 
washing the solid with dry tctrahydrofuran. T etrakis(mpbenylphosphme)palladium(0) 
(0.22 g. 0.0002 mol) was then added, and the mixture heated at 55 °C under nitrogen for 
20 far. The mixture was then treated with saturated aqueous ammonium chloride, and 
extracted three times with ether. The combined extracts were dried (K2CO3) and 
evaporated, and the residue purified by flash chromatography (ethyl acctate- 
dichloromethane). The product was triturated with 
Yield 2.06 g (55%). mp. 133-135 °C 
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(b) 2-(4^Mcthoxybcnzyl)-3-tDCthoxy-6-ainiiK>pyridiiic 

2-(4-Methoxybenzyl)-3-methoxy-6^ < 196 &> 0 0052 ^ ^ 

hydrazine hydrate (0.79 ml. 0.016 mol) in eihanol (20 ml) were refluxed with stining for 
lhr. After allowing to cool, the precipitated solid was filtered off and discarded. The 
5 filtrate was evaporated to a solid, which was triturated with ether. 
Yield 1.08 g (84%). m.p. 1 10-1 12 °C 

(c) N-[6^4-Methoxybenzyl)-5^^ 

A stimng mixture of 2-(4-methoxybenzyi)-3-methoxy^aininopyridine (1.07 g, 0.0044 
mol) and phenyl isothiocyanate (0.71 g, 0.0053 mol) in toluene (10 ml) was heated under 
10 reflux with stirring for 23 hr. After allowing to cool the solution was treated with ether, 
and the resulting solid filtered off, washed and dried. 
Yield 1.09 g (66%), m.p. 165-167 °C 

(d) N-[6-(4-Methoxybenayl>5-i^ 

To a suspension of N-[6-(4-methoxybenzyl>5-mcth^^ (0.5 
15 g , 0.0013 mol) in ammonia-saturated methanol (15 ml) was added yellow mercuric oxide 

(034 g, 0.0016 mol). Stirring was continued for 2 days, then the solvent evaporated and 

the black residue boiled with chloroform and filtered through celite. The filtrate was 

evaporated and the residue recrystallised from acetonitrile. 

Yield 0.28 g (58%), m.p. 152-154 °C 
20 C21H22N4Q2. Found C 69.34, H 6.18, N 1538 Expected C 69.59. H 6.12, N 15.46 



Example 30 

N-[6-(4-Methoxybenxyl)pyrid-2-yl^ 
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(a) N-[6-(4-Methoxybenzyl)pyrid-2^ 

A stirring mixture of 2-amino-6-(4-methoxybenzyl)pyridine (1.08 g, 0.005 mol) and 

reflux with 



IH7| 






III* 





stirring for 1 hr. A further quantity of methyl isothiocyanate (0.44 g, 0.0061 mol) was 
added, and reflux continued for another 2 hr. After allowing to cool, the solution was 
treated with ether, and the resulting solid filtered off, washed and dried. 
Yield 0.88 g (61%), m.p. 157-160 °C 

(b) N-[6-(4-Methoxyben2yl)pyrid-2-yl]-l^-methylguanid^ maleate 
To a stirring suspension of N46-(4-ircthoxybenzyl)py^ (0.86 g, 

0.003 mol) in ammonia-saturated methanol (40 ml) was added yellow mercuric oxide 
(0.78 g, 0.0036 mol). Stining was continued for 2 days, then the solvent evaporated and 
the black residue boiled with chloroform and filtered through eclite. The filtrate was 
evaporated to an oil, which was dissolved in a solution of maleic acid (036 g) in ethanoL 
The product soon crystallised. Yield 0.92 g 09%). m.p. 162-164 °C 
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C15H1 8N4O.C4H4O4 

Found C 58.99. H 5.76, N 14.48 Expected C 59.06, H 5.74. N 14.50 



Example 31 

5 N-(6-(Ben?ylpyrid-2-yl)]-N , -(2-pyrinudyl)guanidine 
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(a) 6-Benzylpyrid-2-yl isothiocyanate 

A mixture of 2-amino-6-benzylpyridine (0.82 g, 4.45 mmol) and dipytid-2-yl 
thiocarbonate (1.03 g, 4.45 mmol) in acetonitrile (20 ml) was treated with 4- 
dimemylarninopyridine, and stirred for 2 hours at room temperature. The solvent was 
evaporated, and the residue was taken up in dichloromethane, washed with water, dried, 
and the dichloromethane evaporated. Yield 0.63 g (63%). 

(b) N-[6-(Bei«ylpyrid-2-yl)]-^-a-pyrimidyl)thiourea 

A mixture of 6-benzylpyrid-2-yl isothiocyanate (0.5 g, 221 mmol) and 2- 
aminopyrimidinc (0.175 g, 1.84 mmol) in toluene (20 ml) was stirred under reflux for 16 
hours, then allowed to cooL The product was filtered off and washed with ether. 
Yield 0.45 g (76%). 

(c) N-[6KBenzylpyrid-2-yl)]-N , K2-pyrimidyl)gttanidine 

A mixture of yellow mercuric oxide (032 g, 1-25 mmol), N-(6-benzylpyrid-2-yl)-N--(2- 
pyrinridyl)thiourea (0.40 g, 1.29 mmol ) and methanolic ammonia (20 ml) was stirred for 
48 hours at room temperature. The solvent was removed in vacuo and the black residue 
was boiled with chloroform and filtered hot The filtrate was evaporated and the residue 
recrystallised from acetonitrile. Yield 0.28 g (76%), m.p. 140-142 °C 
C17H16N6 JfeO. Found C 63.39, H 5.20, N 25.85 Requires C 6333, H 5.62. N 26.07 

Example 32 

N-(6-Benzylpyrid-2-yl)-N , -benzylguanidine 

(a) N^6-Benzylpyrid-2-yl)-N , -benzylthiouiea 

A mixture of 2-amino-6-benzylpyridine (1.01 g, 0.0055 mol). benzyl isothiocyanate 
(0.98 g, 0.0066 mol) and toluene (5 ml) was refluxed for 33 hours, cooled and treated 
with diethyl ether. The product was filtered off and washed with etfc 
Yield 1.49 g (82%), m.p. 142-144 °C 

(b) N-(6^Benzylpyrid-2-yl)-N*-benzylguaiiidine 

A mixture of yellow mercuric oxide (1.15g. 0.0053 mol). N-(6-benzylpyrid-2-yl)-N'- 
bcnzylthiourea (1.47g. 0.0044 mol) and methanolic ammonia (35 ml) was stirred for 48 
hours at room temperature. The solvent was removed in vacuo and the black residue was 
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boiled with chloroform and filtered hot The filtrate was evaporated and 
recrystallised from ether-pet. ether. Yield 0.66 g (47%). m.p. 83-84 *C 

! 75.67. H 6.46, N 17.79 Expected C 75.92, H 6.3^ 
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Example 33 

^[©-(Benzylpyrid^-yOl-N'-CWhiazolyOguanidine 

(a) N-[6-(Benzylpvrid-2-yl)]-N , -(2-thiazolyl)thiourea 

A mixture of 6-benzylpyrid-2-yl isothiocyanate (1.72 g. 7.61 mmol) and 2- 
ammopyrimidine (0.634 g, 6.34 mmol) in toluene (80 ml) was stirred under reflux for 16 
hours, then allowed to cool. The white crystalline product was filtered off and washed 

with ether. Yield 1.41 g (76%), m.p. 219-222 °C 

(b) N-[6-(Ben2ylpyrid-2-yl)]-N*-(2-thiazolyl)guanidiiie 

A mixture of yellow mercuric oxide (1.23 g, 5.71 mmol). N-(6-benzylpyrid-2-yl>N'-(2- 
thiazolyl)thiourea (1.40 g„4.16 mmol ) and methanolic ammonia (50 ml) was stirred for 
16 hours at room temperature. The solvent was removed in vacuo and the black residue 
was boiled with chloroform and filtered hot, then the solvent was evaporated- 
Yield 0.78 g (53%), m.p. 163-166 °C 

C16H15N5S. Found C 61.78. H 4.94. N 22.36 Requires C 62.1 1,H 4.89, N 22.64 
Example 34 

N46-(Beii^lpyrid-2-yl)]-NM2-pyrazinyl)guanidiiie 

r 

(a) N-[6-(Benzylpyrid-2-yl)>N , -(2-pyrazmyl)thiourea 

A mixture of 6-benzylpyrid-2-yl isothiocyanate (13 g. 5.75 mmol) and 5- 
ammopyrimidine (0.45 g, 4.79 mmol) in toluene (50 ml) was stirred under reflux for 48 
hours, then allowed to cool and the solid filtered off and washed with ether. Yield 0.69 g 
(38%). m.p. 180-183 °C 

(b) N-[6-(Benzylpyrid-2-yl)]-K-a-pyn^y0giianidme 

A mixture of yellow mercuric oxide (0.58 g. 2.58 mmol), N-(6-benzylpyrid-2-yl>-N'-(2- 
pyrazinyl)thiourea (0.69 g, 2.15 mmol ) and methanolic ammonia (80 ml) was stirred for 
24 hours at room temperature. The solvent was removed in vacuo and the black residue 
was boiled with chloroform and filtered hot, then the filtrate was evaporated, and the 
residue purified by chromatography (silica gel, 5% methanolic ammonia in 
dicMoromethane) and recrystallisation from acetonitrile. 
Yield 0.42 g (64%), m.p. 160-162 °C 

C17H16N6. Found C 66.85. H 5 39. N 27.45 Requires C 67.09, H 5.30, N 27.61 
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Example 35 

N.(<-Benzylpyrid.2-yl)-N'.(5.pyriinidyl)guanidiiie 

(a) N-[6-(Beiaylpyrid-2-yl)]-K-(5-pyrimidyl)thiou«a 

A mixture of 6-benzylpyrid-2-yl isothiocyanate (1.1 g. 4.86 mmol) and 
5-aminopyrimidinc (038 g, 4.05 mmol) in toluene (50 ml) was stirred under reflux fox 20 
hours, then the solvent was evaporated and the residue triturated with ether/pet. ether. The 
resulting solid was purified by chromatography (silica geL chloroform). 
Yield 0.35 g (22%). 

(b) N-[6-(Beiizylpyrid.2-yl)>N , K5-pyrintidyl)guaiiidine 

A mixture of yellow mercuric oxide (0.24 g, 1.12 mmol), N-(6-benzylpyrid-2-yl)-N'.(5. 
pyrimidyl)thiourea (030 g, 0.93 mmol ) and methanolic ammonia (50 ml) was stirred for 
72 hours at room temperature. The solvent was removed in vacuo and the black residue 
was boiled with chloroform and filtered hot, then the filtrate was evaporated, and the 
residue purified by chromatography (silica gd, 0-10% methanol in chloroform) and 
recxystallisation from acetonitrile. Yield 0.18 g (64%), m.p. 178-181 «C 
C17H16N6 Found C 67.25. H 5.41. N 27.60 Requires C 67.09. H 530, N 27.61 
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Example 36 

2 0 N-(6^Ben^lpyrid-2-yl)-N , -(3-inetbOTypropyl)guaiudine 

(a) N^6-Benzylpyrid-2-yl>N-3-memoxypropyltmoure^ 

A mixture of 2-amiiio-6^benzylpyridiiie (1.6 g, 0.0087 mol). 3-methoxypropyl 
isothiocyanate (137 g. 0.01 mol) and toluene (10 ml) was refluxed for 63 hours, cooled 
and treated with diethyl ether. The product was filtered off and washed with ether. 
Yield 131 g (55%), m.p. 92-94 °C 

(b) N-(6-Benzyl-pyrid-2-ylVN'-3-memoxypropylguamd^ 

A mixture of N-(6-benzylpyrid-2-yl)-rT^^ < 149 8- 0 005 ***** 

yc llow mercuric oxide (1.32 g. 0.006 mol) and methanolic ammonia (45 ml) was smred 
L 48 hours at room temperature. The solvent was removed in vacuo and the black resalue 
was boiled with chloroform and filtered hot. The filtrate was evaporated and the residue 
triturated with ether then recxystallised twice from acetonitrile. 

Yield 0.36 g (26%). m.p. 107-109 °C « « „, M N t R , R 

^.-«^M.n F«™d C 68.45. H 734. N 18.83 Expected C 68.43. H 7.43, N 18.78 
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Example 37 

N-(6-Bem^lpyrid-2-yl)-N , <yclohexylguanidiiie 
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(a) N-(6-Bcnzylpyrid-2-yl)-N'-(cyclohexyl)thiouna 

A mixture of 2-amino-6-bei»zylpyridine (2.01 g, 0.01 1 mol), cyclohexyl isothiocyanate 
(1.84 g, 0.013 mol) and toluene (10 ml) was refluxed for 6 hours, cooled and treated with 
diethyl ether. The product was filtered off and washed with ether. Yield 2.0 g (57%). 
5 (b) N-(6-Benzyl pyrid-2-yl>K-(c*clohexyl)guanidine 

A mixture of N-(6-benzylpyrid-2-yl)-^-(cyclohexyl)thiourea (1.95 g, 0.006 mol). yellow 
mercuric oxide (136 g, 0.007 mol) and methanolic ammonia (45 ml) was stirred for 48 
hours at room temperature. The solvent was removed in vacuo and the black residue was 
boiled with chloroform and filtered hot. The filtrate was evaporated and the residue 
1 0 purified by flash chromatography (silica, 5% methanol in dichloromethane) to give the 
product as an oil. Yield 1.0 g (54%). 
C19H24N4. 0.25 H2O 

Found C 72.94, H 7.80. N 17.73 Expected C 72.92, H 7.89, N 17.91 

15 Example 38 •* 

N-(6-Benzylpyrid-2-yl)-NM2-methoxyethyl)giianidine 

(a) N-(6-Benzylpyrid-2-yl)-N , -a-inemoxyemyl)thiourea) 

A mixture of 2-amino-6-benzylpyridine (1 32 g. 0.008 mol), 2-methoxyethyl 

2 0 isothiocyanate (1.14 g, 0.009 mol) and toluene (10 ml) was refluxed for 6 hours, cooled 

and treated with diethyl ether. The product was filtered off and washed with ether. 
Yield 1.25 g (51%), m.p. 89-91 °C 

(b) N-(6-Ben2ylpyrid-2-ylVr^-(2-memoxyemyl)guanidine 

A mixture of N-(6-beiizylpyiid-2-yl>rr^ A- 24 8- 0 003 mol >' 

25 yellow mercuric oxide (0.86 g, 0.004 mol) and methanolic ammonia (45 ml) was stirred 
for 48 hours at room temperature. The solvent was removed in vacuo and the black residue 
was boiled with chloroform and filtered hot The filtrate was evaporated and the residue 
purified by flash chromatography (nKthanol-ammonia/dichlcjromethane) to give the 

product as an oil. Yield 0.84 g (73%). 

3 0 C16H20N4O. Found C 67.43, H 7.14, N 1934 Expected C 6738, H 7.09, N 19.70 

Example 39 

N-[(6-Bi^l)pyrid-2.yI]-N , .butylguaiiidine 

35 (a) N-(6-Ben2ylpyrid-2-yl>N'-butylthiourea 

A mixture of 2-ammo-6-benzylpyridine (130 g, 0.008 mol), n-butyl isothiocyanate 
(1.12 g, 0.009 mol) and toluene (10 ml) was refluxed for 53 hours, cooled and treated 
with diethyl ether. The product was filtered off and washed with ether. 
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Yield 1.51 g (62%). m.p.100-102 °C 

tt») N-(6-Benzylpyrid-2-yl)-N'-butylguanidine 

A mixture of N.(6-beraylpyrid-2- y l)-N'-butylthiou re a (1.49 g. 0.005 mol). yellow 
m ercuric oxide (1.31 g. 0.006 mol) and methanol ammonia (45 ml) was stirred for 48 
hours at room temperature. The solvent was removed in vacuo and the black residue was 
,,1^ and filtered hot The filtrate was evaporated and the residue 



35 



nia in 



purified by flash chromatography (silica. 5-20% methanolic ai 
dichloromethane). The product crystallised on treatment with petroleum ether. 
Yield 0.54 g (39%), m.p. 54-56 °C 
1 0 C17H22N4 .0. 1HQ .O.IH2O 

Found C 70.83. H 7.69. N 19.40, d 1.03 Expected C 70.94. H 7.81. N 19.47. < 

Example 40 

N-(6-Benzylpyrid-2-yl)-N^ineth^ 



(a) N-(6-Ben^lpyrid-2-yl)-hr-benzoylthiou«a 

To a suspension of 2-amino-6-benzylpyridine (1 g, 0.0054 mol) in ether (20 ml) was 
added benzoyl isothiocyanate (0.97 g. 0.006 mol). After 2 hr, the mixture was diluted 
with pet. ether and the resulting solid filtered off, washed and dried. 
2 0 Yield 1.76 g (93%), m.p.138-140 °C 

(b) N-(6-Benzylpyrid-2-yl)thiouica 

To a stirring suspension of N-(6-benzylpyrW-2-yl)-N'-benzoylthiourea (1.05 g. 0.003 mol) 
in ethanol (6 ml) was added a solution of sodium hydroxide (0.24 g. 0.006 mol) in water 
(4 ml). The mixture was refluxed for 1 hr. then cooled, neutralised with glacial acetic aod. 
and treated with 25% aqueous ammonia. The resulting solid was filtered off. washed and 

dried. Yield 0.64 g (88%). m.p. 216-218 °C 

(c) N-(6-Benzylpyrid-2-yl>S-memylthiouronium iodide 

N-(6-Benzylpyrid-2-yl)thiourea (0.63 g. 0.0026 mol) and iodomethane (2 ml) were heated 
under reflux with stirring for 1 hr. The solvent was evaporated but the reaction was 
incomplete, hence the residue was dissolved in ethanol (10 ml), treated with iodomed, 
(2 ml) and refluxed for a further O^hr. The solvent was cvaporated.and the resulting 
solid triturated with ether and filtered, washed and dried- 
Yield 0.93 g (93%), m.p. 208-21 1 °C (dec). 

rd) N-(6-Benzylpyrid-2-yl>rT-inemyl-rT-phenylgiianidine maleate 
N-(6-Benzylpyrid-2-ylVS-memyltMouronium iodide (0.92 g, 0.0024 mol) was shaken 
with aqueous sodium bicarbonate and dichloromethane until complete solution was 
obtained. The layers were separated, the aqueous layer extracted again with 
dichloromethane, and the combined extracts dried (K2OO3) and evaporated. The resulting 
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oil was fused at 190 °C with N-mcthylanilinc (0.31 g. 0.0029 mol) for 40 min. then 
allowed to cool. The reaction mixture was purified by flash chromatography (ammoniacal 
methanol-dichloiomethane) to give the product as an oil. Treatment with maleic acid 
(0.12 g) and recrystaUisation from dichloiomethane-ether gave the compound as me 
5 maleate salt, yield 0.22 g (21%), m.p. 122-124 °C 
C20H20N4 C4H4O4 

Found C 66.44. H 5.66, N 12.98 Expected C 66.65. H 5.59, N 12.95 
Example 41 

1 0 N-tf-Benzylpyrid^-yl^N'-metbyl-N' '-pbenylguanidine 

A mixture of yellow mercuric oxide (0.9 g, 0.004 mol ). N-(6-Benzylpyrid-2-yl)-N'- 
phenylthiourea (1.1 1 g . 0.003 mol) and inemylamine (35 ml of 33% w/w solution in IMS) 
was stirred for 48 hours at room temperature. The solvent was removed in vacuo and the 
black residue was boiled with chloroform and filtered hot. The filtrate was evaporated and 

1 5 the residue triturated with ether, then recrystallised from acetonitrile. 
Yield 0.26 g (24%). nxp. 106-107 °C 

C2OH2ON4. Found C 75.78. H 6.40. N 17.85 Expected C 75.92, H 6.37. N 17.71 
Example 42 

2 0 N-(6-Benzylpyrid-2-yl)-N'^-diniethyI-N"-phenylguaiiidiiie 

A mixture of N-(6-benzylpyrid-2-yl)-N*-phenylthiourea (0.69 g. 0.0022 mol). yellow 
mercuric oxide (0.57 g, 0.0026 mol) and dimethylamine (40 ml of a 33% w/w solution in 
ethanol) was stirred at room temperature for 3 days. The solvent was removed in vacuo 
and the black residue was boiled with chloroform and filtered hot The filtrate was 

25 evaporated and the residue recrystallised from aqueous acetonitrile. 
Yield 0.16 g (23%), m.p. 86-88 °C 

o»iHt>Na Found C 76.10. H 6.71, N 17.00 Expected C 76.33, H 6.71, N 16.96 
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Example 43 

N-[6X3-Metboxyl>eiizyl)pyrid-2-yl^ 

A mixture of N-[6-(3-memoxybeiizyl)pyrid-2-ylhN'-phenyltlnourea (1.0 g, 0.0029 mol). 
yellow mercuric oxide (0.74 g, 0.0034mol) and euianolamine (0.52 g, 0.0086 mol) in 
methanol (40 ml) was stirred at room temperature for 2 days. The solvent was removed in 
vacuo and the black residue was boiled with chloroform and filtered hot. The filtrate was 

_ d with water, dried (K2CO3) and evaporated to an oil. Purification by column 
chromatography followed by treatment with ether-pet. ether gave the title 
crystalline solid. Yield 0.41 g (38%), m.p. 94-97 °C 














asa 
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C22H24N402. 0.25 H20 

Found C 69.04. H 638, N 14.49 Expected C 6936, H 6.48, N 14.71 
Example 44 

5 N^6K4-Methoxyben2yl)pyrid-2-yl]-N'-inethyl-N"-phenylguanidme maleate 

A mixture of N-[6-(4-methoxybenzyl)pyrid-2-ylJ-N'-phenylthourea (0.78 g, 0.002 mol), 
yellow mercuric oxide (038 g, 0.0026 mol) and memylamine (45 ml of 33% w/w solution 
in IMS) was stirred for 48 hours at room temperature. Hie solvent was removed in vacuo 
and the black residue was boiled with chloroform and filtered hot. The filtrate was 
1 0 evaporated and the residue dissolved in a solution of maleic acid (0.25 g, 0.002 mol) in 
ethanoL The product crystallised on addition of ether. 
Yield 0.42 g (55%), m.p. 136-138 °C 
C2IH22N4O .C4H4O4 

Found C 65.06, H 5.68, N 12.10 Expected C 64.92, H 5.67, N 12.1 1 



15 



Example 45 

N-[6-(3-Methoxybeiizyl)pyrid-2-yl}-N , ^"wiiphenylguanidine 
A mixture of N-[6-(3-inemoxybenzyl)pyrid-2-yl]-N'-phenylmourea (1 g. 0.0029 mol), 
yellow mercuric oxide (0.74 g. 0.0034 mol) and aniline (0.8 g. 0.0086 mol) was stirred for 
20 23 days at room temperature. The solvent was removed in vacuo and the black residue 
was boiled with chloroform and filtered hot. The filtrate was evaporated and purified by 
chromatography (ethyl acetate-dichloromethane) and crystallisation from ether - pet. ether. 
Yield 0.2 g (17%), nxp. 109-1 1 1 °C 

r^M->ANAO. Found C 76.15. H 6.03, N 1338 Expected C 76.45. H 5.92, N 13.72 
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Example 46 

N-[2-(4-Methoxy)I>eiizyl-3-methoxw^ 

A mixture of N-[6«4-Methoxybeiizyl)-5-^ t 0 - 56 
0.0015 mol ). yellow mercuric oxide (0.38 g, 0.0018 mol ) and memylamine (15ml of a 
33% w/w solution in ethanol) was stirred for 48 hours at room temperature. The solvent 
was removed in vacuo and the black residue was boiled with chloroform and filtered hot. 



_ raporated 

recrystallised from ethanoL Yield 0.22 g (40%), m.p. 80-82 °C 
r^HoxKUf» Found C 69.77. H 6.47. N 14.74 Expected C 1 



Example 47. 

N-(3-Bo»zylpyria-2-yl)-N , -benagrlguanidine hemimaleate 
(a) N-(3-Benzy^yrid-2-yl)-N , -benzylthiourea 
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A mixture of 3-bcnzyl-2-aminopyridine (0.96 g, 0.0052 mol) and benzyl isotmocyanate 
(0.93 g. 0.0063 mol) in toluene (5 ml) was heated under reflux for 23 nr. The solvent was 
evaporated and the residue purified by flash chromatography (dichloromethane-pet. ether). 
Appropriate fractions were combined and evaporated to an oil, which crystallised on 

5 standing. Yield 0.74 g (43%), m.p. 1 10-12 °C 

(b) N-(3-Bcn2ylpyrid-2-yl)-N'-benzylguanidine bemimaleate 
To a stining suspension of N-(3-beii2ylpyrid-2-yl)-N'-benzylthiourea (0.7 g, 0.0021 mol) in 
methanolic ammonia (20 ml) was added yellow mercuric oxide (0.55 g, 0.0025 mol). 
Stirring was continued for 2 days, then the solvent was evaporated and the black residue 
1 0 boiled with chloroform and filtered through celite. The filtrate was evaporated to an oil, 
which was dissolved in a solution of maleic acid (0-27 g) in ethanoL The product 
crystallised out on die addition of ether. Yield 0.4 g (51%), m.p. 1 16-1 18 °C 
C20H20N4 .0 JC4H4O4 

Found C 70.41, H 5.99, N 14.99 Expected C 70.57, H 5.92. N 14.96 

15 

Example 48. 

N43-Benzylpyrid-2-yl>N^(phenylainino)guaiiidiiie 

(a) N-(3-Benzylpyrid-2-yl)-N-bcnzoylthiouiea. An ice-cold solution of 3-benzyl-2- 
aminopyridine (4.7 g, 253 mmol) in benzene (40 ml) was treated with a solution of 

2 0 benzoyhsothiocyanate (5.0 g, 30.6 mmol) in benzene (10 ml). Upon completion of the 
addition, the mixture was stirred at room temperature for 2h. 

The solution was diluted with petroleum ether and ether and the resulting solid isolated. 
Yield 7.7 g (87%), m.p. 128-130 °C 

(b) N-(3-Benzyhiyrid-2-yl)thiourea. 

25 Sodium hydroxide pellets (13 g, 373 mmol) were added to a stirred slurry of N-(3- 

benzylpyrid-2-yl)-N-benzoylmiourea (6.4 g. 18.4 mmol) in ethanol (20 ml) and water (30 









ll'tl 



30 



35 



concentrated ammonium hydroxide solution. Upon ice cooling, the title 
crystallised and was isolated by filtration. Yield 4.3 g (96%). m.p. 176-179 °C 

(c) N-(3-Benzylpyrid-2-yl)-S-methylisothiourea 

N-(3-Benzylpyrid-2-yl)thiourea (3.2 g, 13 mmol) and methyl iodide (46 g, 0.3 mol) were 
refluxcd for lh, then evaporated to dryness. The residue was dissolved in dichl 
washed with saturated aqueous sodium hydrogen carbonate solution, dried and evaporated 
to an oil which crystallised on standing. Yield 3.2 g (94%). m.p. 67-68 °C 

(d) N-t3-Benzylpyrid-2-yIhK-(pheny 

A solution of N-(3-benzylpyrid-2-yl)-S-memylisoutiourea (13 g. 58 mmol) and 
phenylhydrazine (0.75 g, 70 mmol) in pyridine (20 ml) was refluxcd for 24h. d 
evaporated to dryness. The residue was purified by flash chromatography ( " 



0-5% 
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methanol in dichloromcthanc). Evaporation of the appropriate fractions gave an oil which 
upon addition of petroleum ether gave orange crystals of the product. 
Yield 032 g (17%). m.p. 80-8 1 °C 

„ nH , nM{ Found C 72 JO. H 5.55. N 22.18 Expected C 7 1.90. H 6.03. N 22.06 
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Example 49 

N-P-(2-Methylb«izyl)pyrid-2.yll-N^benzylgiiiuud1nein^ 
(a) 2-Amino-3^2-methylbcnzyl)pyridine 

A solution of 2-prvalamidopyridine (17.8 g. 0.1 mol) in dry THF (200 ml) at -78 C was 
treated with a 23 M solution of n-butylUthium in hexane (100 ml. 025 mol). The soluu, 
was stirred at 0 °C for 3 hours, cooled to -10 °C and treated with 2-methylbenzaldehyde 
(18 g, 0.15 mol). After lh at 0«C. brine was added, the organic phase separated and the 
aqueous extracted with ether. The combined organic extracts were dried and evaporated to 
an oil which solidified upon the addition of petroleum ether. The carbinol was isolated and 
washed with ether (133 g. 44%). A portion of the above product (5.0 g. 16.7 mmol)was 
dissolved in pyridine (20 ml) and treated with acetic anhydride (20 ml) at 100 C for 30 
min. The mixture was evaporated to dryness and azeotroped twice with toluene. The 
residual oil, in methanol (30 ml), was hydrogenated at 50 psi in the presence of palladium 
hydroxide on carbon until hydrogen uptake ceased. The catalyst was removed by filtration, 
the filtrate evaporated to dryness and treated with 3N HQ (50 ml) under reflux for 3h. The 
cooled mixture was washed with ether, basified with aqueous sodium hydroxide and 
reextracted with ether. The organic extracts were dried and evaporated to give the tide 
compound (3.0 g. 90%). nxp. 123-124 °C 

(b) N-r>a-Memylbeiizyl)pyrii^ 

A mixture of 2-amiiKH3-a-memylbenzyl)pvridine (13 g. 43 mmol) and benzyl 
isothiocyanate ( 13g. 5 mmol) in benzene (20 ml) was refluxed f or 16h and evaporated » 
dryness. The residue was purified by flash chromatography using dichloromethane as the 
cluant. Evaporation of the appropriate fractions gave N-[3^-memylbenzyl) P yrid-2-yl]-N'- 
benzyldiiourea (1.8 g, 67%), m.p. 126-128 °C 

(c) N-[3-(2-Me*ylbenzyl)pyrid-^^ 

A mixture of N-[3-<2-.n«myltenzyl)pyrid-2-yl]^ g. 43 mmol) and 

yellow mercuric oxide (1.1 g. 5 mmol) in methanolicamnxmia (20 im) was stirred at ro^ 
temperature for 48h then evaporated to dryness. The residue was mmrated with 
dichloromethane. filtered and the filtrate evaporated. The resulting oil was matted with 
maleic acid (03 g. 4.3 mmol) in ethanol (5 ml) and diluted with ether. Theprecip 
solid was isolated and recrystallised from ethanol to give the title compound (1. 
m-p. 127-129 °C 



it « 
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C21H22N4 .C4H4O4 

Found C 67.02, H 5.90. N 12-58 Expected C 67.25, H 5.87, N 12^5 
Example 50* 

5 N43-{4.Methoxyben^I}pyrid-2-yI]-N^benzylguanidine maieate 

(a) 2-Amino-3-(4-methoxyben2yl)pyridine 

Substituting 4-methoxybenzaldehyde (20.4 g, 0.15 mol) for 2-methylbenzaldehyde and 
using corresponding molar proportions of the other reagents in Example 49A gave the 
intermediate carbinol (16.8 g, 53%). Using the procedure described in Example 49 A but 
1 0 substituting 10% palladium on carbon for 5% palladium hydroxide on carbon, a portion of 
the carbinol (5.0 g, 16 mmol) was converted into the title compound (1.4 g, 42%), 
nxp. 126-128 °C 

(b) N-[3- { 4-Methoxybenzyl }pyrid-2-yl>hT-benzylthiourca 

Subsuming 2-amino-3-(4^methoxybenzyl)pyridine (1.4 g, 63 mmol) for 2-amino-3-(2- 
1 5 racthylbenzyl)pyridine and using corresponding molar proportions of the other reagents in 
Example 49B gave N-[3- { 4-methoxybcnzyl } pyrid-2-yl]-N , -benzylthiourea (1.4 g, 59%), 
nxp. 85-86 °CL 

(c) N-[3- {4-Methoxybenzyl } pyrid-2-yl]-N , -benzylguanidine maieate 
Subsuming N- [3- ( 4-methoxybenzyl } pyrid-2-y IJ-hr-benzylthiourca (13 g, 3.6 mmol) for N- 

2 0 [3-(2-inethylbeiizyl)i>yrid^ and using corresponding molar 

proportions of the other reagents in Example 49C gave N-[3- { 4-methoxybenzyl } pyrid-2- 
yl]-l^-bexizylguanidinc maieate (0.97g, 58%), nxp. 129-131 °C 
C21H22N4O .C4H4O4 

Found C 64.91. H 5.74, N 1235 Expected C 64.92. H 5.67, N 12.11 

25 

Example 51. 

N-I3-(4-MethyIbenzyl)pyrid-2.yI>NMb^y0guanidlne 

(a) 2-Amino-3-(4-mcthylbenzyl)pyridine 

Substituting 4-methylbenzaldehyde (18.0 g, 0.15 mol) for 4-methoxybenzaldehyde and 

3 0 using corresponding molar proportions of the other reagents in Example 50A gave the 

intermediate carbinol (22.9 g, 77%). Using the procedure described in Example 50A, a 
portion of this material (5.0 g, 17 mmol) was converted into the title compound 
(2.6 g, 80%), nxp. 100-102 °C 

(b) N-[3- { 4-Methylbenzyl Jpyrid^-ylhN'-benzylthiourca 

3 5 Substituting 2-amincK3-(4-methylbenzyl)pyiidine (1 2 g. 6 mmol) for 2-anrino-3-(2- 

methylbenzyl)pyridinc and using corresponding molar proportions of the other reagents in 
Example 49B gave N-[3-{4-methylbeiizyl}pyrid-2-yl]-K-bc^lthiourca (1.0 g, 48%), 

nxp. 1<XM02°C 
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(c) N-P-(4-Methylbei^l)pyrid-2-yl]-W-(benzyl)guanidine 

(2 -«thylb C o Z yl)pyrid-2-yl]-N--benzylthio Urc a and using conesponding mobr ^pmpomons 
of the other reagents in Example 49C gave N-[3-(4-methylbcnzyl)pynd-2-yl]-K- 
5 (benzyl)guanidine (0.76 g, 59%). mp. 126-128 "C 

C21H22N4 .C4H4O4 _ _ _, 

Found C 67.05, H 5.80. N 12.3 Expected C 67.25, H 5.87, N 12^5 

Example 52. 

1 0 N-^Methoxyl^)pyrid.2.^NM4.fluorobenzyl)guaiudine maleate 
(a) N-l3-{4-Memoxyben Z yl)pyxid-2-yl]-N'-(4-fluoiobeiizyl)tmou^ 
Substituting 4-fl»orobenzyl isothiocyanate (13 g, 8 mmol) for benzyl -^-^ 
using corresponding molar proportions of the omer reagents m Example SOBg^eN-tS-l^ 
methoxyb^llpyrid-Z-yU-K^fluorobci^Othiourea (1.1 g, 42%). m.p. 93-94-C 

15 (b) N-[3-(4-Memoxybenzyl)p^ 

Substumnng N-t3-l4-methoxybenzyl)pyrid-2-yl] -N--(4-fluorobenzyl)tmourea (1.0 g, 2L6 
mmol) for N-[3-(4- m cthoxybenzyl}pvrid-2- y I]-K-tenz y luiic>ure a and using corresponding 
molar proportions of the other reagents in Example 50C gave N-[3-(4- 
methoxybeiizyl)pyrid-2-yl]-N'-(4-iliio ro o^ maleate (0.66 g. 53%). 

20 m-P- 122-124 °C 

C21H21EN4O .C4H4O4 

rvmnri C 62.44. H 530. N 11.71 Expected C 62.49, H 5.24. N 11.66 



30 



Example 53. 

25 N-l3-(Thien-2-ylinettyI)pyrid-2-yll-N'.l^lguaiiidine maleate 
fa> 2-Hvalamido-3-(thien-2-ymydroxymemyl)pyridme 

A solution of 2-pivalaniidopyridine (17.8 g. 0.1 moL) in dry tetrahydrofuran (^was 
stirred at -70 °C in an atmosphere of nitrogen and tieated with n-buty wthium (100 ml of a 
2J5U solution in hexane). The mixture was warmed to 0 °C ^ 3 
recooled to -30»C and a solution of thiophenecarboxaldehyde (16.8 g. aiSmoD m dry 
tetrahydrofuran (50 ml) added dropwise. Tne mixnm, was aUowed to warm m^ 
temperature, stirred for 1 hour, then poured onto ice and extracted twice wim ether. The 
combuXtracts were washed with water and brine, dried and evaporated to an ou which 
crystallised on standing. The product was triturated with pet. ether to give the mle 

35 compound (14.0 g, 48%). mp. 156-158 °C 

(M 2-Ammo-3-(thien-2-ylmemyl)pyridine 

„ _ fti« ,™n were added, one at a tune, to tnfluoroacetic 

Sodium borohydride peUets (5 2 g. 0.137 mol) were aooco, ™* 

acid (250 ml) under a slow stream of nitrogen. 2-Pivalamido-3-(thien-2- 
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ylhydroxymcthyl)pyridine was then added and the mixture stirred at room temperature for 3 
hours. The tifluoroacetic acid was evaporated and the residue was heated under reflux in 
5M HQ for 1 h. The mixture was cooled, neutralised with ammonium carbonate and 
extracted twice with chloroform. The combined extracts were dried, filtered and 
evaporated to an oil Chromatography (silica gel, chloroform, 0 - 1 % methanol) gave 2- 
pivalamido.3-(thien-2-ylmethyl)pyrito (4 g). The required 2-amino-3-(thien-2- 
ylmethyl)pyridine was obtained by heating die pivalamide under reflux again in 5M HCL 
Yield 2^ g (38%), m.p. 100-101 °C 

(c) N-[3<ITuen-2-ylmethyl)pyrid-2-yl]-^ 

A mixture of 2-aimiio-3-(thien.2-ylmethyl)pyridine (1.24 g, 38 mmol) and benzyl 
isothiocyanate (0.75 g, 50 mmol) was heated under reflux in toluene (50 ml) for 6 h, an 
additional amount of henry 1 isothiocyanate (1 ml) being added after 3 h. The mixture was 
evaporated and chromatographed (silica gel, chloroform) to give the title compound as an 
oil (1 g, 77%). 

(d) N-P-(Tluen-2-ylmeftyl)pyrid-2-^ maleate 

A mixture of N-[3-(thien-2-ylmethyl)pyr^ (1.0 g, 29 mmol) and 

mercuric oxide (0.74 g, 34 mmol) was stirred in methanolic a mmoni a (30 ml) for 24 h, 
filtered through celite and evaporated to give a residue which was taken up in ethanol 
containing maleic acid (034 g, 29 mmol). Addition of ether produced a solid which was 
rccrystallised from ethyl acetate. Yield 0.5 g (39%), m.p. 1 10-1 12 °C 
C18H18N4S .C4H4O4 .0.25EtOAc 

Found C 59.67, H 5.05, N 12.57 Expected C 59.98. H 5.05, N 12.17 



Example 54* 

25 N-[3-(4-metboxybenzyl)pyrid-2-^ maleate 

(a) 2-Pivalaimdo-3-(4-memoxy^-hydroxybenzyl)pyridine 

A solution of 2-pivalamidopyridine (17.8 g, 0.1 mol) in dry THF (200 ml) at -78 °Cwas 
treated with a 23 M solution of n-butyllithium in hexane (100 ml, 0.25 mol). The solution 
was stirred at 0 °C for 3h, cooled to - 10 °C and treated with 2-methylbenraldehyde ( 18 g, 
30 0.15 mol). After 1 hour at 0 °C brine was added, the organic phase separated and the 

aqueous extracted with ether. The combined organic extracts were dried and evaporated tc 
an oil which solidified upon the addition of petroleum ether. Yield 133 g (44%). 

(b) 2-Ammo-M4-memoxybenzyl)pyridine 

Sodium borohydride pellets (4.8 g, 0.127 mol) were added, one at a time, to trffluoroacetic 
35 acid (200 ml) under a slow stream of nitrogen. 2-Pivalamido-3-(4-methoxy-a- 

hydroxybenzyl)pyridine (10 g, 0.032 mol) was added and the mixture stirred for 3 h. The 
solvent was evaporated and the residue was heated in 5M HQ over a steam bath fori h. 
The mixture was cooled, neutralized with ammonium carbonate and extracted twice with 
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chloroform. The combined extracts were dried, filtered and evaporated. Chromatography 
(silica gel, 0-2% methanol in chlorofom) gave the title compound (23 g, 363%) t 
nxp. 125-126 °C 

(c) 4-Cyanobenzyl isothiocyanate 
5 A mixture of 4-cyaiK>benzylamine (138 g, 0.012 mol) and di-2-pyridoxythione (2.8 g, 
0.012 mol) were stirred together in acetonitrile (50 ml) for 2 h. The solvent was 
evaporated and the residue was dissolved in dichloromethane, washed twice with water and 
2M HCL The organic solution was dried, filtered and evaporated to give the tide 
compound as a brown oil (1.6 g, 77%). 
10 (d) N- PK4-niemoxy beiizy l)pyrid-2-^ thiourea 

A mixture of 4-cyanobenzyl isothiocyanate (1.4 g, 0.008 mol) and 2-amino-3-(4-methoxy- 
benzyl)pyridine (13g, 0.0061 mol) was heated under reflux in toluene (50 ml) for 18 h. The 
solvent was evaporated and the residue was purified by flash chromatography 
(silica gel, chloroform - pet ether 1:1 -2:1) to give the tide compound as a yellow gum 

15 (134 g, 65%). 

(c) N-[3-(4-inethoxybenzyl)pyrid-2^ maleate 
A mixture of N-[3-(4-nK*hoxybenzyl)pyi^ (13 g, 

0.0039 mol) and mercuric oxide (0.92 g, 0.00425 mol) in methanolic ammonia (30 ml) was 
stirred at room temperature far 3 days. The mixture was filtered through celite, evaporated, 

20 dissolved in ethanol and refiltered. Maleic acid (0.45 g, 0.0038 mol) was added, the solution 
was reduced in volume, and ether added to induce crystallisation of the title compound, 
which was recrystallised from ethanoL Yield 1.3 g (69%), nxp. 73-74 °C 
C22H21N5O .C4H4Q4 .03H2O 

Found C 62.87 H 5.16 N 14.15 Expected C 62.89 H5.28 N 14.11 

25 

Example 55. 

N-(3-(l-(4-Methoxyphenyl)ethyI)pyrid.2.yl).N , -benzyIguan 
(a) 2-Mvalamido-3-tl-(4-meth«ypheny 

A solution of n-butyllithium (23M in hexane, 100 ml) was added drop wise to a stirred 
3 0 solution of 2-pivalamidopyridine (17.8 g, 0.1 mol) in dry tetrahydrofuran (200 ml) at 
.70 °C under an atmosphere of nitrogen. The mixture was allowed to warm to 0 °C and 
stirred for 3h. The mixture was re-cooled to -30 °C and a solution of 4-methoxy- 
acetophenone (223 g, 0.15 mol) in dry tetrahydrofuran (50 ml) was added dropwise. The 
mixture was allowed to warm to room temperature and stirred for 18 h. The reaction 
35 mixture was poured onto a mixture of ice water and ether, the layers separated and the 
aqeous was extracted with ether. The combined ether solutions were washed with water 
and brine, dried, filtered and evaporated to a crystalline solid which was slurried in ether 
and filtered off to give the title compound (32.8 g, 37%), m.p. 208-210 °C 
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(b) 2-Ainino-3-[l-(4-mcthoxyphcaiyl)cthcnyllpyridine and 2-amino-3-(l-(4- 
hydroxyphenyl)ethenyl]pyridine 

Sodium borohydride pellets (6.0 g, 0.16 mol) were added, one at a time, to trifluoroacctic 
acid (200 ml) cooled in an ice bath under a slow stream of nitrogen. 2-Pivalamido-3-[H4- 
5 methoxyphcnyl)hydroxycthyl]pyridin (12 g, 0.036 mol) was added and the mixture stirred 
at room temperature for 2k The solvent was evaporated and the residue was diluted with 
water, basified (Na2C03)^nd extracted twice with ethyl acetate. The combined extracts 
were dried, filtered and evaporated. The residue was taken up in 5M HQ and heated under 
reflux for 24 hours. Slurrying with ether and filtration gave 2-amino-3-[ 1 -(4-methoxy- 

1 0 phcnyl)ethcnyl]pyridine (5.2 g, 64%), nxp. 154- 155 °C 

The ethereal filtrate was evaporated, taken up in 5M HQ and heated under reflux for a 
further 24 h. The acidic solution was basified (Na2C03) and extracted twice with ethyl 
acetate. The combined extracts were washed with brine, dried, filtered and evaporated to a 
solid which was slurried in ether, filtered off and dried to give 2-amino-3-[H4- 

1 5 hydroxyphenyl)ethenyl]pyridine (1.32 g, 173%), nxp. 177-179 °C 

(c) 2- Amino-3-( 1 -(4-inethoxyphenyl)ethyl)pyridinc 

A mixture of 2-amino-Hl-(^methoxyphenyl)ethenyl]pyridine (5.1 g, 0.0225 mol) and 
10% palladium on carbon (0.5 g) in ethanol (100 ml) was shaken under hydrogen (40 p.si) 
for 6 h. The mixture was filtered through celite and evaporated to give the title compound 

2 0 (5.0 g, 98%), nxp. 138-140 °C 

(d) N-(3-(l-(4-Methoxyphenyl)ethyl)pyridyl)-N , -benzyltM^ 

A mixture of 2-amino-3-[l-(4-methoxylphenyl)ethyl]pyridine (1.7 g, 0.0075 mol) and 
benzyl isothiocyanate (2.25 g, 0.015 mol) in toluene (25 ml) was heated under reflux for 
2 h. The solvent was evaporated and the residual yellow oil was chromatography (silica, 
25 chloroform -pet ether 1:1) to give the tide compound as a yellow oil which crystallised on 
standing. Yield IS g (53%), nxp. 140-142 °C 

(e) N-(3-(l-(4-Methoxyphcnyl)e^ maleate 
A mixture of N-{3-[l-(4-methoxypheny^ (1-2 g. 
0.003 mol) and mercuric oxide (0.76 g, 0.0033 mol) were stirred together in methanolic 

30 ammonia (75 ml) for 3 days. The mixture was filtered through celite, evaporated, dissolved 
in ether and filtered through paper to remove residual solids. A solution of maleic acid 
(0.35 g, 0.003 mol) in ethanol (3 ml) was added and die mixture was stored in a freezer for 
several days. The crystalline product was isolated and recrystallised 
title compound (1.1 g, 77%), m,p. 95-96 °C 

35 C22H24N40 .C4H4O4 -03H2O 

Found C 64.74, H 5.92. N 1 1.63 Expected C 64.80, H 5.98. N 1 1.6; 



ether to give the 
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Example 56. 

N-t3-Benzylpyrid.2-yl>N f -(2^Iorobcnzyl)guanidine maleate 

(a) N43-Bcnzylpyrid-2'yl>N , -a^Worobcnzyl)thioiuca 

Substituting 2-chlarobenzyl isothiocyanate (2.4 g, 13 mmol) for benzyl isothiocyanatc and 
5 using corresponding molar proportions of the other reagents in Example 1 A gave N-[3- 
benzylpyrid-2-yl]-N , -(2-chlorobenzyl)thiouiea (2.4 g, 60%), m.p. 139-140 °C 

(b) N-[3-Benzylpyrid-2-yl]-^-(2^hlorobenzyl)guanidine maleate 
Substituting N43-bcnzylpyrid-2-yl]-hT-(2^orobenzyl)thiom^ (1.2 g, 33 mmol) for N- 
(3-benzylpyrid-2-yl>N t -b«izylthiourea and using corresponding molar proportions of the 

1 o other reagents in Example IB gave N-I3-benzylpyrid-2-yl]-N , ^^orobenzyl)guani^ 

maleate (0.9 g f 59%), m.p. 146-148 °C 
C20H19C1N4 .C4H4Q4 

Found C 61.76, H 4.99. N 1 1.68, 0 7.73 Expected C 61.74, H 4.97, N 12.00, Q 7.59 

■ 

15 Example 57. 

N-(3-BenzyIpyrid-2-yl)-N , .(4^hlorobenzyI)guanidine hemimaleate 

(a) N-(3-Benzylpyrid-2-yl)->r-(4-chlorobenzyl)thiourea 

Substituting 4-chlorobenzyl isothiocyanatc (1.7 g, 93 mmol) for benzyl isothiocyanate and 
using corresponding molar proportions of die other reagents in Example 47A gave N-(3- 

2 0 benzylpyrid-2-yl)-N , -(4^hlon>benzyl)thiourca (2.1 g, 57%), m.p. 1073-108.5 °C 

(b) N-(3-Benzylpyrid-2-yl)-N , -(4-chlorobenzyl)guanidine hemimaleate 
Substituting NK3-benzylpyrid-2-yl)-hr-(4-cWorobenzyl)thioura (1.0 g, 2.7 mmol) for N- 
(3-bcnzylpyrid-2-yl>N , -benzylthiourea and using corresponding molar proportions of the 
other reagents in Example 47B gave N^benzylpyri^2.yl)-N , ^4-cWorobcnzyl)guan^ 

25 hemimaleate (0.6 g, 55%), m.p. 164-166 °C 
C20H19CIN4 .0.45C4H4O4 

Found C 64.66, H 5.32, N 13.67 Expected C 64.62, H 5.18, N 13.70 

Example 58 

30 N-<3-B«naj*pyrtd-2-^ 

(a) N-(3-Benzylpyrid-2-yl>-N'-(4-methylbenzyl)thiourca 

Substituting 4-methylbenzyl isothiocyanate (2.0 g, 12 mmol) for benzyl isothiocyanate and 
using corresponding molar proportions of the other reagents in Example 47 A gave N-(3- 
benzylpyrid-2-yl)-N , -(4-mediylbenzyl)thiourea (2.05 g, 55%), m.p. 124-125 °C 
35 (b) N-(3-Benzylpyrid-2-yl)-N , K4-methylbenzyl)guanidine 

Substituting N-(3-benzylpyrid-2-yI)-^4.methylbenzyl)thio^ (1.5 g, 4.3 mmol) for N- 
(3-benzylpyrid-2-yl)-N'-benzylthiourea and using corresponding molar proportions of the 
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other reagents in Example 47B gave N^-be n zylpyrid-2-yl)-N'-(4-in C thylbenzyl)guanidine 
(0.81 g, 42%). m-p. 104-106 °C 
C20H19CIN4 .C4H4O4 

Found C 67.17, H 5.96. N 12.66 Expected C 67.25. H 5.87. N 12.55 

5 

Example 59. 

N-[3-Benzylpyrid-2-yl]-N , -(4-mcthoxybenzyl)guanidine maleate 

(a) N-[3-Benzylpyrid-2-yl]-NM4-r«^^ 

Substituting 4-methDxybenzyl isothiocyanate (23 g, 13 mmol) for benzyl isothiocyanate 
1 0 and using corresponding molar proportions of the other reagents in Example 47A gave 
N-[3-benzylpyrid-2-yl]-^-(4-methoxybeiizyl)thiourea (2.6 g, 66%). m.p. 993- 100 J °C 

(b) N-[3-Benzylpyrid-2-yn-N'-(4-memoxybenryi)guamdine maleate 
Substituting N-[3-benzylpyrid-2-yl] -N*-<4-methoxybenzyl)thiourea (1.9 g. 5.0 mmol) for 
N-(3-benzylpyrid-2-yl>-N , -benzylthioiirea and using conesponding molar proportions of die 

1 5 other reagents in Example 47B gave N-[3-benzylpyrid-2-yI]-N , -(4- 
methoxybcnzyl)guanidine maleate (1.7 g. 74%), m.p. 130-132 °C 
C21H22N4O .C4H4O4 

Found C 64.92, H 5.71, N 1234 Expected C 64.92, H 5.67. N 12.11 

20 Example 60. 

N-(3-Benrylpyrid-2-yl)-N , -ben2yl->r-hydroxyguanidiiM 

(a) N-(3-Beitrylpyrid-2-yl^N , -be^ 

Methyl iodide (20 ml) and N-(3-beii2ylpyrid-2-yl>K-beiizylihiourea (3.0 g, 9 mmol) were 

evaporated 



2 5 washed with sodium hydrogen carbonate solution, dried and evaporated to a yellow solid 

(3.1 g, 99%). m.p. 104-1053 °C 

(b) N-(3-BenzylpyrW-2-yl)-^-beiiryl-N"-hydn)xyguanidine 

To a solution of sodium (70 mg, 3 mmol) in ethanol (20 ml) was added hydroxylarnine 

hydrochloride (031 g, 3 mmol). The mixture was heated and N-(3-beiizylpyrid-2-yl)-N'- 

3 0 bcnzyl-S-mcthylisothiourea (0.95 g, 27 mmol) was added. The mixture was refluxed for 

loh, cooled and evaporated to dryness. The residual oil. in dichloroniethane, waswashed 
with water, brine, dried and evaporated. The residue was purified by flash chromatography 
(silica, 2% methanol in dichloromcthane). Evaporation of the appropriate fractions gave an 
oil which solidified when treated with petroleum ether. Recrystaffisation from ethyl acetate 
35 gave N-(3-beiizyhjyrid-2-yl>tf-be^ (0-1 g, 1 1*). 

m.p. 149-151°C 

^„«onM^n Found C 72.38. H 6.16, N 16.75 Expected C 7237, H 6.06, N 16.85 
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Example 61. 

N-[3-Benzylpyrid-2-yiJ.N , -beii^.r^ , -methoxyguaiudine 

A solution of N^benzylpyrid-2-yl)^^ 

methoxylanrinc hydrochloride (0.5 g, 6 mmol) in pyridine (10 ml) was heated at 85 Cfor 

4b. The reaction was evaporated to dryness and the residue purified by flash 

chromatography (silica, 0 - 10% ethyl acetate in hexane). Evaporation of the appropriate 
fractions gave an oil which solidified upon the addition of petroleum ether. Yield 0.2 g 
(10%), m-p. 70-71 °C 

C21H22N40. Found C 72.63, H 6.46, N 16.24 Expected C 72.81, H 6.40. N 16.17 
Example 62. 

N-(3-Benzylpyrid.2.yl)-N , .phenylguanidine maleate 

(a) N-(3-Benzylpyrid-2-yl>N'-phenylthiourBa 

Substituting phenyl isothiocyanate (1.5 g, 11 mmol) for benzyl isotmocyanate and using 
corresponding molar proportions of the other reagents in Example 47 A gave N-<3- 
berixylpyrid-2-yl)-N , -phenylthiourea (2.6 g, 81%), nxp. 134-136 °C 

(b) N-(3-Benzylpyrid-2-yl)-N , -phenylguanidme maleate 

Substituting N-(3-benzylpyrid-2-yl)-N'-phenyltmourea (1.6 g. 5.0 mmol) for N-(3- 
benzylpyrid-2-yl)-N'-benzylthiourea and using corresponding molar proportions of the other 
reagents in Example 47B gave N^bei^lpyrid-2-yl>K-phenylguanidine maleate (1.7 g, 
82%), m.p. 132-134 °C 
C19H18N4 .C4H4Q4 .0.IH2O 

Found C 65.51. H 5.32. N 1338 Expected C 65.73, H 5.28, N 13.33 
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Example 63. 

N-l3-Thien-2-ylmetbyl)pyrid-2-y^ 

(a) N-[3-(Trtien-2-ylrnemyl)pyrid-2-yl]-l^-phenyltMc^ 

A rnixture of 2-amir«^Mthien-2-ylrnemyl)pyridine (1.2 g. 63 mmol) and phenyliso- 
thiocyanate (1.13 g. 83 mmol) were heated together under reflux in toluene (30 ml) for 4 h. 
The solvent was evaporated and the residue was triturated with ether-pet. ether to give the 
title compound (1.1 g, 54%). m.p. 126-128 °C 

(b) N-[3-Cnuen-2-ylrne*yl)pyr^^^ 

A mixture of N-[3-(thien-2-ylrriemyl^ < 10 * 0 ™ "* 

mercuric oxide (0.745 g, 0.00344 mol) was stirred in methanolic ammonia (30 ml) far 3 
days, then filtered through celite and evaporated to an oiL The residue was dissolved in 
cthanol and maleic acid (035 g, 0.003 mol) in ethanol was added. The solvent was 
evaporated and the residue chromamgraphed (silica, 0-2% methanol in chloroform) and 
crystallised from ether. Yield 0.62 g (49%). m.p. 143-144 °C 
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C17H16N4S .C4H4O4 

Found C 59.26, H 4.86. N 13.19 Expected C 59.42, H 4.75. N 13.20 
Example 64. 

N-I^HydroxybeiuyOpyrid-^ylJ-N'-phenylguanidiiie 

(a) 2-Antino-3-(4-hydroxybenzyl)pyridine 

A solution of 2-anuno-3K4-mcthoxybcnzyl)pyridi nC (4 3 g, 0.02 mol), under nitrogen, was 
cooled to 0 "C and treated with boron tribromide (15.9 g. 0.063 mol). The mixture was 
allowed to warm to room temperature where it solidified to a geL After lh the mixture was 
poured onto ice. neutralised with sodium carbonate and extracted twice with chloroform. 
The combined extracts were washed with water, dried, filtered and evaporated to a yellow 
solid (3.0 g, 75%). m.p. 153-155 °C 

(b) N-t3-(4-Hydroxybenzyl)pyrid-2-yl]-N , -phenylthiourea 

A mixture of 2-amino-3-(4-hydioxybenzyl)pyridine (3.0 g, 0.015 mol) and 
phenylisotmcoyanate (3.4 g, 0.025 mol) in toluene (1 00 ml) was heated under reflux f or 4 h. 
The solvent was evaporated and the residue chromatography (silica gel. 0-1% methanol in 

chloroform). Yield 23 g (46%). m.p. 178-180 °C 

(c) N-[3-(4-Hydroxybenzyl)pvrid-2-yl]-N , -phenylguanidine 

A mixture of N-[3-(4-Hydroxybenzyl)py^^ * 0 005 ^ and 

mercuric oxide (1.2 g, 0.055 mol) were stirred together in methanolic ammonia (100 ml) for 
24h. The mixture was filtered through celite. evaporated, dissolved in ethanol-ether and 
rcfiltered. The filtrate was evaporated and crystallised from ether to give me tide 
compound (0.8 g. 50%). m.p.189-190 °C 

C19H18N4O. Found C 71.38. H 5.83. N 1734 Expects C 71.68. H 5.70. N 17.60 
Example 65. 

N-P^MethoxylienzyOpyrid^yll.N'.phenylguanidiiie 

(a) N-[3-(4-Memoxybenzyl)pyrid-2-yl]-N'-phenyltmourea 

A mixture of 2-ammo-3-(4-methoxybcrizyl)pyridine (0.745 g. 0.0035 mol) and phenyliso- 
diiocyanate (0.68 g. 0.005 mol) in toluene (20 ml) was heated under reflux for 3.5 h. The 
solvent was evaporated and the title compound crystallised from ether. Yield 0.8 g 

(653%). nxp. 103-105 *C 

(b) N-l3-(4-Metboxybeiizyl)pyrid^ 

A mixture of N-[3-(4-Memoxybeiizyl)pyrm-2-ylhN'-phenylutiourea (0.73 g. 0.002 mol) 
and mercuric oxide (0.477 g, 0.0022 mol) were stirred together in methanolic ammonia 
(20 ml) for 48 h. The mixture was filtered through celite and evaporated to an oil which 
was taken up in ether. Maleic acid (0.23 g. 0.002 mol) in ethanol was added, the solvent 
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was evaporated, and the residue chromatography (silica, 0-2% methanol in chloroform) 
and crystallised from ether. Yield 0.43 g (48%). m.p. 165-166 C 
C20H20N4O .C4H4O4 

Found C 64.21. H 5.60. N12^2 Expects C 64.28. H 5.39. N 12.49 
Example 66. 

N-(3-Beii^lpyrid.2-ylVN'^4^Morophenyl)guanidinemaleate 

(*\ N-(3-Benzytoyrid-2-yl>KK4-chloTophenyl)tmourea 

(a) « ^»obj[ W j > mmr jt\ far benzyl isothiocyanate and 

Subsnmtmg4^hlorophenylisotmocyanate(1.7 g, 10 mmol) forbenzyi °^ 

using corresponding molar proportions of the other reagents » *^ 4 ™ ° 
benrylpyrid-2-yl>hTK4H:moTophenyl)thiourea (1.7 g. 55%). m.p. 140-141 c 
■ :j *. »^./^wrntYnhenvneuanidine maleate 



(b) N-(3-Benzylpyna-z-yi/-^ -v--v-"»""*' — lyDguanidme 

Substituting N-^b^lpyrM-^-N-^oropheny^ourea (1.2 ^ 
C3-benzyl P yrid-2-ylVN'-benzylmiourea and using corresponding molar propornons of the 

(0.7 g, 30%), m.p. 114-116 °C 

2S £SS « U» *P— C 61.00, H 4.67. N U». C 7.8 3 
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Example 67. . . 

N.3.(4-Hydroxvphen y leth.2-yl)pvrid.2.yl-N«-ph OT ylguan,m M 

/„\ 2.Arnmo-Ml-(4-hydroxypbrayl)emyl]pyridine 

,0* P^»» on <P^ 8) to (100 ni) w« sto ^ 

ilwp ^ mixture was filtered through 

at room temperature for 8 hours, then at 50 Cfor4H. inemK 

ceUte and evaporated to give the ride compound (L2 g. 90%), «n*. 163-165 C 
rw N . 3 -[l-(4-Hyd ro xyphenyl)eAyl]pyrid-2-yl-K-phenyltmour^ 

A mixJtf ( ° * T ^ for 3h. 

rr; rmemrr^c^ - . * ^ , 38 %, 

, ^wniOiT 0 0022 mol) was stirred together in methanols ammonia 

mol) and mercuric oxide (0.4V g, u.uu^ umjij w« ° i^ui-u 

^ • WQ c filtmri throueh eclite and evaporated to an oil which 
/«n m n fnr 3 davs. The mixture was ruterca inrougu ^ . 

^TvLt^r«-«a^ Malcic^^g.O.OOi^inc^w^ 
rield 0.68 g (76%). m*. 173-174 °C 
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C20H20N4O .C4H4O4 .0.15EtOAc 

Found C 63.72. H 5.46, N 1238 Expects C 64.00. H 5.50, N 12.14 
Example 68. 

5 N.[3-{l-(4-Methoxyphenyl)ethyl}pyrid.2.yl).N'.phenylguanidine maleate 

N-3-[l-(4-Memoxyphenyl)eAyl]pyrid-2-yl-N'-phenyltMouiea 
A mixture of 2-anniK)-Hl-(4-nwthoxyphenyl)ethygpyridine (1.7 g, 0.0075 mol) and phenyl 
isothiocyanate (236 g. 0.017 mol) in toluene (100 ml) was heated under reflux for2h. The 

1 0 solvent was evaporated and the residue was chromatographed (silica, chloroform-hexane 
1:1 - chloroform) to give the tide compound as an oil (2.1 g, 78%). 
(c) N-[3-{ 1^4-Memoxyphenyl)emyl}pyiM-2-yl]-^-phenylguanidine maleate 
A mixture of N-MH4-metnoxyphenyl)eAynpyr^ (2.0 g, 0.0055 

mol) and mercuric oxide (131 g, 0.006 mol) in methanolic ammonia (75 ml) was stirred 

15 overnight and filtered through eclite. Evaporation gave a clear oil which was dissolved in 
ether and refiltered. A solution of maleic acid (0.6 g, 0.005 mol) in ethanol was added and 
the mixture stored in the freezer for 48 h. The crystalline product was isolated and 
recrystallised from ethanol-ether. Yield 138 g (62%), m.p. 125-126 °C 

C21H22N4O .C4H4O4 
2 0 Found C 6530. H 5.72, N 12.19 Expects C 64.92. H 5.67. N 12.1 1 



25 



Example 69. 

N43-Benzylpyrid.2-yl]-N'-phenyl-N M -dimethylguanidine 

Substituting dimcdiylaniine in methanol for ammonia in methanol and using corresponding 
molar proportions of the other reagents in Example 62B gave N-[3-benzylpyrid-2-yl]-N'- 
phenyl-N"-dimemylguanidine (0.7 g, 71%), mp. 68-70 °C 

r^H^NA. Found C 7631. H 6.77. N 17.14 Expected C 7633. H 6.71, N 16.96 
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Biological Data. 
H + K+ ATPase Activity 

5 The effects of a single high concentration (100 mM) of a compound of structure 

(I) on K-stimulated ATPase activity in lyophiliscd gastric vesicles was determined. 
Preferred compounds of structure (I) were also tested over a range of concentrations to 
determine IC50 values. 

1 0 (i) Preparation of lyophilised gastric vesicles 

(H/K-ATPase) 

Lyophilised gastric vesicles were prepared from pig fundic mucosa after die 
method of Keeling et al. (Biochem. PharmacoL, 34, 2967, 1985). 
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(ii) K + -stimulated ATPase activity 



K + -stimulated ATPase activity was determined at 37°C in the presence of the 
following : 10 mM Pipes/Tris buffer pH 7.0, 2 mM MgS0 4 , 1 mM KC1, 2 mM NajATP 
20 and 3-6 mg proteinAnl lyophilised gastric vesicles. After incubation for 30 minutes, the 
inorganic phosphate hydrolysed from ATP was determined by the method of Yoda and 
Hokin (Biochem. Biophys. Res. Common. 40, 880, 1970). 

Compounds of structure (I) were dissolved in dimethylsulphoxide which up to 
the highest concentration used bad no effect on K + -stimulated ATPase activity. 

The effect of the highest concentration of each compound of structure (I) on the 
recovery of a standard amount of inorganic phosphate was also determined. 



Results 



The compounds of the examples exhibited IC50 values of less than 55 m M. 
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Claims: 



1. A compound of structure (I) or a salt thereof: 



NR 

(0 



14 

R 



in which: 

R is a group of formula (i): 



i 

R 



2 



0^ ' 

R 

in which: 

R is an optionally substituted phenyl ring or an optionally substituted 5- or 6-membered 
heterocyclic ring containing one or two heteroatoms selected from oxygen, nitrogen or 
15 sulphur; 

R 2 is hydrogen or C^^alkyl; 
R3 is hydrogen, halogen, Cj-salkyl or Cj^^alkoxy; 
or R is a group of formula (ii): 



1 s 



If* J (B) 



in which R 1 , R 2 and R 3 are as defined in formula 0) above and 

X 1 , X 2 and X 3 are all CH groups or one of X 1 , X 2 or X 3 is nitrogen and the others are 
CH groups; 
25 R 4 is hydrogen or Ci^alkyl; 

R5 is hydrogen, Ci_$alkyl, hydroxyCi^alkyl, hydroxy or phenyl; 

X 4 is CH2 or NR 6 where R 6 is hydrogen or Ci^alkyU 

X 5 is a single bond, CH 2 or NR 7 where R 7 is hydrogen or Ci^alkyl; and 

-52- 



WO 94/26715 



PCT/EF94/01447 



10 



15 



25 



30 



r8 is Cj^alkyl, C^cycloalkyl, Ci^alkylC3-6cycloalkyl, 

Ci ^oxyC! ealkyl. optionally substituted phenyl, or an optionally substituted 5- or 
6- membered heterocyclic ring containing one or mote heteroatoms selected from oxygen, 
nitrogen or sulphur. 

2. A compound according to claim 1 in which R is a group of formula ft). 

3. A compound according to claim 1 in which R is a group of formula 0i). 

4. A compound according to claim 3 in which X*. X^ and X^ are all CH 



5. A compound according to any one of claims 1 to 4 in which R 2 and R 3 
are both hydrogen. 

6. A compound according to any one of claims 1 to 5 in which R 1 is 
mienyl. phenyl or phenyl substituted by Ci^alkyl, C^ealkoxy. halogen, amino or nitro. 



7. A compound according to claim 1 which is 
20 N-(6-benzyl-2-pyridyl)phenylacetamidine, 

N-[6-a-memylbenzyl)pyrid-2-yllphenylacetamidme. 
N- (2-benzyl^pyrirrndinyl>-N , -phenylguanidine, 

N-[4^-meAylphOTylfflniiK>>2-py^ 
N-[4-(N-memyhohenylamu»>2-pyrimwyl]-N'-phenylguiin^ 

N-[2^-memylphenylainiiio)^pyrir^^ 
N-(4-benzyl-2-pyriimdmyl)-N'-(4KWc»rophenyl)guamd 

N-(4-benzyl-2-pyrimidmyl>N'-phenylguanidinc, 
N-(6-benzylpyrazm-2-yl>N'-phenylguanidine, 

N .[6-a-niemylphenylmemyl)]pyri^ 
N-[6-(2-niemylphenylmemyl)pyrid-2-yl]-K-phenylguanid^ 

N-(6-benzylpyrid-2-yl>K-phcnylguanidine, 
N-(6-benzylpyTid-2-yl>K^4^Morophenyl)guanidine, 

N-[6-(4-memylbciizyl)pyT^^^ 

N-[6-(4-rnemoxybenzyl)pyrid-2-yl)-N'-phenylguanidine. 
35 N-(6-beii2ylpyrid-2-yl>N , ^-memylphenyl)guamdjn^ 
N-(6-ben2ylpyrid-2-yl)-N , -(2-chlorophenyl)g »ianidin c. 
N-(6-benzylpyrm-2-yl)-N'-(3-metboxyphenyl)guanidine, 

N-[6-<3Mwsutoxybeiizyl)pyrid-2^ 
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N-(6-bcnzylpyrid-2-yl>>r-(3^hlcTOphcnyl)guanidinc, 
N-(6-bcnzylpyrid-2-yl^N*-(4-methoxyphcny])guanidm 
N-(2-bcn2yl«3-mcthoxypyxid-6-yl)-^-phcnylguaiudinc, 
N-[6-(4-nuoiobcnzyl)pyrid-2-yl]-N , -phcny]giianidinc, 

5 N-[6-(4-mtrobenzyl^^ 
^[6-(4-aminophenylme^ 

N-(6-bcnzylpyrid-2-yl)-K-(4<:yanophcnyl)guanidinc, 
N-[6Kbcnzylpyrid-2-yl)]-N'-(4-mcthylihiophcnyl)guam 

N-[6-(benzylpyrid-2-yl)]-^-<^ 
1 0 N-[6-(4-mcthoxybcnzyl)-5-mcthoxypyrid-2-yl]-N t -phcnylguanidii^ 

N46-(4-mclhoxybciizyl)pyrid-2-yl]-K-mcthylgiianidinc t 

N-[6-(bcnzylpyrid-2-yl)]->T-(2-pyrimidyl)guaiudinc» 

N-(6-bcnzylpyrid-2-yl)-hr-bcnzylguanidinc» 
N-[6-(bcn2ylpyrid-2-yl)]-N'-(2-thiazolyl)fuan^ 
1 5 N- [6Kbenzylpyrid-2-yl)]-N"-(2-pyrBzinyl)g\ianidinc t 
N-(6-bcnzylpyiid-2-yl)*hr-(5-pyiimidyl)guaiudinc, 
N-(6-bcnzylpyrid-2-yl)-hr-(3-mcthoxypn>pyl)guanidinc, 

N-(6-bcn2^1pyrid-2-ylVN , ^yclobcxylguanidinc > 
N-(6-bcn^lpyrid-2-yl>N , -(2-mcthoxycthyl)guaiudm 

2 0 N-[(6-bcnzyl)pyrid-2-yl]-N , -butylg^ianidinc. 

N^6-bcnzylpyrid-2-yl>N t -mcihyl-N , -phcnylguanidinc, 

N-(6-bcnzylpyrid-2-yl)-N > -iiK^^ 
N-(6-bcnzylpyrid-2-yl)-hr^Kiimcthyl->r-phcnylgu 

N-[6-(3-methoxybenzy^ 
25 N-[6-(4-methoxybenzyl)pyrid-2-yI]-^ 
N-[6-(3-methoxybcnzyl)pyrid-2-yl]-^ 
N-[2-(4-mctfaoxy)benzyl-3-methoxyp^ 
N<3-benzylpyrid-2-yl)-N , -bcnzylguanidinc, 
N-[3-bcnzylpyrid-2-yI]-^-(phcnylamino)guanidinc, 

3 0 N^3-(2-mcthylbcnzyl)pyrid-2-yl]-N T -ba^lguaiudinc, 

N-[3- {4-methoxybenzyl }pyrid'2-yl]-N'-bcn2ylguanidinc, 
N-[3-(4-mcthylbcnzyl)pyrid-2-yl]-N'-(bcnzyl)guanid^ 

N^3-(4-mcthoxybenzyl)pyr^ » 
N-[3-(thicn-2-ylmcthyl)pyrid-2-yl]->r-bciizylguanidinc, 

3 5 N-[3-(4-mcthoxybcnzyl)pyiid-2-^ 

N-(3-(H4-mcthoxyphcnyl)cthyl)pyrid-2-yl)-N , -bai^ 
N-[3-bcn2ylpyrid-2-yl>N , -(2^hlorobcnzyl)guanidinc, 

N-(3-benzylpyrid-2-yl)-NM^M^ 
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N-C3-bcnzylpyrid-2-yl>N , K4-mcthylbcnzyl)guaiudinc, 
N-[3-benzylpyrid-2-yI]-^-(4-m^ 

N-(3-beiizylpyrid-2-yl)-N , -benzyl-^^ 
N-[3-bcnzylpyrid-2~yI]-N , -bcnzyl-hT-n^thoxyguanidinc, 

5 N-C3-benzylpyrid-2-yl)-N , -phcnylguanidinc t 

N-[3-(thicn-2-ylmcthyl)pyrid-2-yl]-hr-phcnylguanidinc, 
N- [3-(4-hydroxy bcnzyl)pyrid-2-yl]-N , -phcny lg^ianidinc, 
N- [3-(4-iMthoxybciizy l)pyiid-2-yl]-N , -phcnylguanidirc, 
N-(3-bcnzylpyrid-2-yl>-N t -(4^hlorophcnyl)guaiudin^ 

1 0 N-3-(4-hydroxyphenyleth-2-yl)p^ 

N-[3-(4-methoxyphenylethen-2-yl)^^ 

N^3-benzylpyrid-2-yl]-N'-phenyl-^^ 

or a pharmaceuticaUy acceptable salt thereof. 

15 8. A process for preparing a compound according to claim 1 which 



20 



25 



(A) for compounds in which is hydrogen, X 4 is CH 2 and X* is a single bond or CH 2 , 
reaction of a compound of structure (II): 

(ir) 

14 

R 

in which R and R 4 are as described for structure (I) with a compound of structure (HI): 

NHJ4GI 



(no 



in which X5 is a single bond or CH 2 and R 8 are as described for structure (I) and Y is a 
leaving group; 

(B) for compounds in which X 4 is NR^ and X^ is a bond or NR', reaction of 
30 (1) a compound of structure (TV) 



i 



i • 

R 



(IV) 
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in which R, R 6 , R 8 are as described for structure (I), is a bond or NR 7 , and Y* is a 
leaving group with an amine of structure H 2 NR 5 in which R 5 isas described for structure 

a); or 

(2) reaction of a compound of structure (II) with a compound of structure (V) 



5 

NR 



It (V) 
R 

in which Y 2 is a leaving group and R 5 , R 6 and R 8 are as described for structure (I) and 

X 5 is a bond or NR 7 ; or 
1 0 (3) reaction of a compound of structure (VI): 



NR 



14 

R 

in which R, R 4 and R 5 are as described for structure (I) and Y 2 is a leaving group, with a 
1 5 compound of structure (VII): 

HNR 6 X 5 R 8 (VII) 

in which R 6 and R 8 are as described far structure (I) and X 5 is a bond or NR 7 , 
20 and optionally thereafter, forming a salt. 

9. A pharmaceutical composition comprising a compound according to any 
one of claims 1 to 5 or a pharmaceutically acceptable salt thereof, in association with a 
pharmaceutically acceptable carrier. 



10. A compound according to any one of claims 1 to 5 for use in therapy. 
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